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Abstract 
 
The main objective of this dissertation is to analyze the tracking error of Exchange-
Traded Funds (ETFs) in the United States (U.S.) and its main determinants. 
We use a sample of 88 U.S. ETFs on U.S. equity indices, for the period 1996-2016, 
defined according to asset class, investment region, and category. The ETFs selected 
include several size and investment styles (Micro Cap, Small Cap, Mid Cap, Large Cap, 
Extended Market or Total Market). 
The study of the tracking error and its determinants is an important subject because, 
when investing in ETFs, the tracking error is one of the most important factors, as 
investors expect to receive the same return as its underlying index. If this does not 
happen, the product does not fulfill its purpose and investors will not stay in the market. 
We start by analyzing the tracking error of the ETFs presented in our sample using five 
different methods and then we analyze the determinants of tracking errors. We conclude 
that ETFs track quite well their underlying indexes and that the average tracking error 
has been decreasing over the period. We also conclude that the variables size, expense 
ratio, liquidity, dividend yield, risk and the bull & bear period are statistically 
significant for any level of significance. We found that the variable size and the dummy 
variable bear produce a negative effect in the tracking error and the explanatory 
variables liquidity, risk and expense ratio produce a positive effect in the ETFs’ tracking 
error. In what concerns to the other statistically significant explanatory variable –
dividend yield – we do not achieve consistent results because the sign of the parameters 
changes with the method used to estimate the tracking error. 	
Keywords: Exchange-Traded Funds, U.S., Tracking Error 
JEL Classification: G00, G10, G11 			 	
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Resumo 
 
O principal objetivo desta tese é a análise do erro de tracking dos Exchange-Traded 
Funds (ETFs) nos Estados Unidos da América. 
A amostra é composta por 88 ETFs, analisada durante o período 1996-2016 e definida 
de acordo com a classe dos ativos, a região, a geografia e a categoria, que nos dá a 
informação de cada ETF tendo em conta o seu foco em termos de capitalização bolsita 
(micro, pequena, média e grande) ou se o seu foco é o mercado completo. 
O estudo deste tema é importante pois quando investem em ETFs os investidores 
esperam receber um retorno igual ao do índice que seguem. Caso isto não aconteça, o 
produto não estará a cumprir o seu objetivo e os investidores irão deixar de investir 
nele.  
Começamos por analisar os erros de tracking dos ETFs que constituem a amostra 
usando cinco métodos diferentes. Por fim, analisamos os determinantes do erro de 
tracking. 
Concluímos que os ETFs têm uma capacidade relativamente boa para seguir os índices 
e que as variáveis size, expense ratio, volume, dividend yield, risk e bull & bear são 
estatisticamente significativas para todos os níveis de significância. Considerados os 
sinais esperados nos coeficientes das variáveis explicativas, concluímos que as variáveis 
size e bear produzem um impacto negativo no tracking error e as variáveis expense 
ratio, risk e liquidiy produzem um efeito negativo. Relativamente à variável dividend 
yield não obtivémos resultados consistentes, uma vez que os sinais dos parâmetros 
mudam são diferentes dependendo do métodos de estimação do tracking error utilizado. 
 
Palavras-Chave: Exchange-Traded Funds, E.U.A, Erro de Acompanhamento 
Classificação JEL: G00, G10, G11 	  
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1 Introduction 
 
Exchange-traded funds (ETFs) are products from the recent wave of innovation in 
financial markets. The first ETF appeared in 1993, in the U.S., under the name of 
Standard & Poor’s 500 Depository Receipts (SPDRs). ETFs provided an alternative for 
international and industry diversification, being the reason for the strong demand for 
these products. Investors have understood the need to diversify in order to avoid 
idiosyncratic risk and have generally done so for many years. They have achieved 
diversification by buying different assets individually or by investing in mutual funds. 
With a well-diversified portfolio idiosyncratic risk can be diversified away, leaving just 
the exposure to systematic risk, also known as market risk. The introduction of ETFs 
made diversification easier and more accessible for investors because, as in the case of 
mutual funds, they are investing in different industries and markets but they trade like 
an individual stock – see, for example, Gastineau (2001).  
As soon as investors understood the advantages of ETFs the use of this product boomed 
and with that the number of ETFs increased – reaching almost 4.500 worldwide in the 
end of 2015 (Statista.com, 2016). There are other products that offer exposure to an 
index but none of them seem as beneficial and simple as ETFs. ETFs offer exposure to 
a complete index through one single trade and this transaction is identical to a 
straightforward stock trade.  
In this dissertation we analyze the tracking error of equity ETFs in the United States and 
its main determinants. We use a sample of 88 U.S. ETFs on U.S. equity indices, for the 
period 1996-2016, defined according to asset class, investment region, and category. 
The ETFs selected include several size and investment styles (Micro Cap, Small Cap, 
Mid Cap, Large Cap, Extended Market or Total Market). 
The study of the tracking error and its determinants plays an important role once ETFs’ 
investors wish to receive the exact same return as ETFs’ underlying indexes. Therefore, 
greater tracking errors make investors less willing to invest in these instruments once 
they do not purely replicate the underlying indexes and, consequently, investors will not 
stay in the market. 
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We consider five different alternative measures of tracking error, and then we analyze 
the determinants of tracking errors by computing different regressions where the 
dependent variable is the tracking error and the independent variables are its 
determinants. 
The tracking error will be calculated according to five different methods, all of them 
used previously in the academic literature. All the methods are based on return 
differences between each ETF and its respective underlying index but they differ in the 
approach. The first method defines the tracking error simply as the return difference 
between the ETF and the index and it was used by Wong and Shum (2010). The second 
method takes the absolute difference between the two returns, making no distinction 
between positive and negative numbers (Frino and Gallagher, 2002). The third method 
is applied by computing the standard deviation of the return differences (Frino and 
Gallagher, 2002).  The next method is applied by regressing the ETF return on the index 
return and looking at the R-Squared and it was used by Chu (2011). The final method 
checks the standard error of the previously mentioned regression as an approximation of 
the tracking performance of an ETF and it was used by Frino and Gallagher (2001) and 
Rompotis (2005). 
Previous studies have not been conclusive about tracking performance and suggest that 
there are big differences within exchanges and between different exchanges. Some 
authors also tried to model the determinants of tracking error and again inconclusive 
results were found. 
Our results show that the ETFs do not perfectly track the underlying index, which 
means that the difference between the ETF return and the index return is different from 
zero. However, the tracking error, independently of the estimation method used, is 
relatively small, which means that the ETFs track their underlying indexes quite well. 
When analyzing the evolution of the average tracking error over the period we 
concluded that the tracking error has been decreasing over time, which indicates that 
this product is increasing its tracking performance. 
In what concerns to the study of the determinants of tracking error of the ETFs we 
found that the variables size, liquidity, dividend yield, risk, expense ratio and the bull & 
bear period are statistically significant at any level of significance considered for all the 
tracking error methods, except for the simple difference between the ETF return and the 
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underlying index return. We found that the variable size and the dummy variable bear 
produce a negative effect in the tracking error and the explanatory variables liquidity, 
risk and expense ratio produce a positive effect in the ETFs’ tracking error. In what 
concerns to the other statistically significant explanatory variable – dividend yield – we 
do not achieve consistent results because the sign of the parameters changes with the 
method used to estimate the tracking error.  
The remainder of the dissertation is structured as follows. Chapter 2 describes ETFs, its 
origin and their evolution until today. Chapter 3 describes the measures of ETFs’ 
tracking error, its main determinants and the empirical results found in the literature. 
Chapter 4 describes the estimation methods used in this dissertation. Chapter 5 
describes the data collection used in our estimations. Chapter 6 presents the results of 
our estimations of ETFs’ tracking error and its determinants. Chapter 7 concludes. 
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2 Main concepts about Exchange-Trade Funds  	
In this chapter we describe the main concepts concerning ETFs. We start by explaining 
the concept of ETF, its origin and their evolution. Next, we explain the creation and 
redemption mechanism, which is the key to understand this financial asset. Then we 
present the differences and similarities between ETFs and index mutual funds. Finally, 
we discuss the main benefits and risks of investing in ETFs. 
 
2.1 Fundamentals of Exchange-Traded Funds 
 
ETFs are outstanding examples of the financial innovation that occurred in the last 
decades. An ETF may be described as an investment that is built like a mutual fund but 
that trades like an individual stock. The most common ETFs are designed to track the 
performance of a market benchmark, or underlying index. 
ETFs were not the first financial product allowing investors to trade an entire portfolio 
in one single trade. However, they are the most influential and the most used ones. The 
basic idea of trading an entire portfolio in a single transaction did not originate with the 
Toronto Stock Exchange Index Participations (TIPS) or SPDRS, which are the earliest 
examples of the modern portfolio-traded-as-a-share structure. ETFs have its origins in 
what has come to be known as portfolio trading or program trading. In the late 1970s 
and early 1980s program trading was the then revolutionary ability to trade an entire 
portfolio, often a portfolio consisting of all the S&P 500 stocks, with a single order 
placed at a major brokerage firm (Gastineau, 2001). In the beginning, these products 
were only available for large investors but demand for a tradable portfolio as one 
product from individual investors surged soon after. One of the first products introduced 
for smaller investors was the Index Participation Shares (IPS). IPS were a relatively 
simple, totally synthetic, proxy for the S&P 500 Index and started to be traded in 1989, 
on the American Stock Exchange and the Philadelphia Stock Exchange. The TIPS were 
introduced in 1990 at the Toronto Stock Exchange and were first designed to track the 
TSE-35 index and, later, the TSE-100 index. However,  both products had a short life, 
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being removed from the market due to illegal practices, in the case of IPS, and to 
exchange costs, in the case of TIPS.  
The first ETF was introduced in 1993, after IPS have been removed from the American 
Stock Exchange. These products first appeared in the form of Standard & Poor’s 
Depository Receipts, commonly known as ‘spiders’. While often cited as revolutionary, 
they were in fact the result of an evolutionary process. ‘Spiders’ replicate the behavior 
of the S&P 500 index in the form of a single security that trades like stock.  
The earliest of the ETFs were passively managed, that is, they just replicated the 
holdings of a well-defined index and, therefore, little active management was required 
and management fees were, therefore, very low. They provided an efficient and cost 
effective way to trade a market view or a sector view and could be used to hedge an 
existing equity portfolio against an anticipated market downturn without having to 
liquidate the portfolio (Bansal and Marshall, 2015). 
ETFs are investment vehicles that are listed on stock exchange and provide investors 
with a return of some benchmark, such as an equity index. The appeal of ETFs is 
twofold: a simple, low-cost means of gaining a diversified portfolio and the capacity for 
intraday trading. They also offer investors the ability to invest in a range of asset 
classes, which may otherwise be inaccessible or prohibitively expensive, including 
emerging market equities and commodities. 
ETFs are similar to managed funds in that both can provide broad exposure to an 
underlying asset. However, there are a number of key differences between the two 
investment vehicles. While investors can trade ETF shares intraday on a stock 
exchange, transactions in managed funds occur, at most, once a day. ETFs also tend to 
have lower management fees and brokerage costs because an ETF will not generally 
buy or sell its underlying assets to create shares. 
Furthermore, ETFs have tax advantages in some jurisdictions, including the United 
States, because a managed fund may have to sell its holdings to meet redemptions 
(potentially creating a taxable capital gain), while an ETF does not. Unlike investment 
in managed funds, ETF investors cannot buy or sell shares directly from the issuer, but 
instead must make transactions via a stock exchange (Kosey and Williams, 2011). 
While ETFs are in many ways the same as mutual funds, there are some features that 
make them unique, such as trading flexibility (ETFs offer investors the same intraday 
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pricing they get when trading stocks and bonds through a broker on a major stock 
exchange), lower cost (funds that track an index, like ETFs and index mutual funds, 
generally offer lower expense ratios than conventional mutual funds), tax savings (like 
index mutual funds, ETFs are typically more tax-efficient, which could translate into tax 
savings for investors) and lower minimums (it is possible to buy an ETF for as low as 
the cost of one share - giving the investors the opportunity to start investing in a 
diversified investment with less money). 
Figure 1 shows the evolution of the number of ETFs in the U.S. and Worldwide 
between 2003 and 2015. We can observe a rapid increase in the number of ETFs over 
this period. In 2003 there was 119 ETFs in the U.S. and 276 Worldwide, compared with 
1594 and 4396, respectively, in the end of 2015.  
 
Figure 1 - Evolution of the number of ETFs in the U.S. and Worldwide 
Source: www.statista.com in 20/08/2016 
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2.2 Creation and Redemption Mechanism of Exchange-Traded Funds 
 
According to Gastineau (2004), everything about ETFs seems to reflect the in-kind fund 
share creation and redemption process. This process, which shows how ETFs gain 
exposure to the market, is the key to understand how ETFs work, and it also allows 
ETFs to be less expensive, more transparent and more tax efficient than traditional 
mutual funds.  
In the creation and redemption process ETF shares are created and current ETF shares 
are extinguished (Gastineau, 2004).  
In the first case, when an ETF company wants to create new shares of its fund, whether 
to launch a new product or to meet an increasing market demand, it turns to someone 
called an authorized participant (AP)1. An AP may be a market maker, a specialist or 
any other large financial institution. Essentially, a market participant with a large 
buying power. The AP’s job is to purchase the securities that the ETF wants to hold. For 
example, if an ETF is created to track the S&P 500 Index, the AP will acquire shares in 
all the S&P 500 constituents in the exact same weights as the index, and then deliver 
those shares to the ETF provider. In exchange, the provider gives the AP a block of 
equally valued ETF shares, called a creation unit, with a typical size of about 25.000 to 
200.000 shares (Malamud, 2016). The exchange takes place on a one-for-one, fair-value 
basis. The AP delivers a certain amount of underlying securities and receives the exact 
same value in ETF shares, priced based on their Net Asset Value (NAV), not the market 
value at which the ETF happens to be trading. Both parties benefit from the transaction. 
On one hand, the ETF provider gets the stocks it needs to track the index. On the other 
hand, the AP gets the ETF shares to resell for profit.  
Similarly to the process described before, investors can redeem outstanding ETF shares 
and receive the basket portfolio in return. Holdings are transparent since fund portfolios 
are disclosed at the end of the trading day. Shares are not individually redeemable. 
Investors can ask for redemption only by tendering to the trust shares in creation units. 
Typically, the operation is done “in-kind.” Redeemers are offered the portfolio of stocks 
that make up the underlying index plus a cash amount in return for creation units. As is 
																																																								
1 Section 2.2 follows closely the description presented in the website www.etf.com. 
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the case with creation, some funds may redeem ETF units in cash under specific terms, 
such as delays or costs. 
The creation/redemption process is important for ETFs in a number of ways. In the first 
place, it is what keeps ETF share prices trading in line with the fund’s underlying NAV. 
Because an ETF trades like a stock, its price will fluctuate during the trading day, due to 
changes in supply and demand. If many investors want to buy an ETF, for instance, the 
ETF’s share price might rise above the value of its underlying securities. When that 
happens, the AP can jump in to intervene. Recognizing the “overpriced” ETF, the AP 
might buy up the underlying shares that compose the ETF and then sell ETF shares on 
the open market. This should help drive the ETF’s share price back toward fair value, 
while the AP earns a basically risk-free arbitrage profit. 
Likewise, if the ETF starts trading at a discount to the securities it holds, the AP can 
snap up 50,000 shares of that ETF on the cheap and redeem them for the underlying 
securities, which can be resold. By buying up the undervalued ETF shares, the AP 
drives the price of the ETF back toward fair value while once again making a profit. 
This arbitrage process helps to keep an ETF’s price in line with the value of its 
underlying portfolio. With multiple APs watching most ETFs, ETF prices typically stay 
in line with the value of their underlying securities. The ETF arbitrage process does not 
work perfectly, and it pays to make sure the ETF is trading at fair value. But most of the 
time, the process works well. 
This is one of the critical ways in which ETFs differ from closed-end funds. With 
closed-end funds, no one can create or redeem shares. 
The other key benefit of the creation/redemption mechanism is that it is an 
extraordinarily efficient and fair way for funds to acquire new securities. 
As discussed above, when investors pour new money into mutual funds, the fund 
company must take that money and go into the market to buy securities. Along the way, 
they pay trading spreads and commissions, which ultimately harm returns of the fund. 
The same thing happens when investors remove money from the fund. 
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The AP pays all the trading costs and fees, and even pays an additional fee to the ETF 
provider to cover the paperwork involved in processing all the creation/redemption 
activity. One alternative of this system is that the fund is shielded from these costs. 
Funds may still pay trading fees if they have portfolio turnover due to index changes or 
rebalances, but the fee for putting new money to work (or redeeming money from the 
fund) is typically paid by the AP. Ultimately, investors entering or exiting the ETF pay 
these costs through the bid/ask spread. 
The system is inherently fairer than the way mutual funds operate. In mutual funds, 
existing shareholders pay the price when new investors invest in a fund, because the 
fund bears the trading expenses. In what concerns ETFs, those costs are borne by the 
AP (and later by the individual investor looking to enter or exit the fund). 
 
2.3 Differences and similarities between Exchange-Traded Funds and 
Index Funds  
 
There are several similarities between conventional index mutual funds and the ETFs 
that track market indexes. ETFs and index mutual funds are very similar because both 
represent an investment in portfolio of assets that is professionally managed. In terms of 
explicit and implicit costs, both have operating expenses and they experience tracking 
error in matching pre-tax returns of their targeted indexes - on this subject see, among 
others, Elton, Gruber, Comer and Li (2002), Gastineau (2004) or Blume and Edelen 
(2004). 
However, there are some differences between ETFs and mutual funds. In the first place, 
the buying and selling process differs because in the case of ETFs investors can only 
buy and sell them through a brokerage account, whereas in the case of mutual funds 
investors can buy and sell them through a mutual fund account. In the second place, in 
what concerns trading and pricing, investors can trade ETFs on the major stock 
exchanges anytime during the trading day and prices fluctuate throughout the day just 
like stocks; on the other hand, in the case of mutual funds, shares are priced once a day 
after the markets close. Another difference concerns transactions costs. First, the 
	 10	
constant rebalancing that occurs with index funds because of daily net redemptions 
results in explicit costs in the form of commissions and implicit costs in the form of bid-
ask spreads on the subsequent underlying fund trades. ETFs, having the 
creation/redemption, avoid these transaction costs.  
Finally, there is also a difference concerning automatic investment, which is not 
possible in the case of ETFs, whereas, in the case of mutual funds it is possible to invest 
savings on a regular schedule by moving money directly from the investors’ bank 
account into their mutual fund accounts or to set up automatic transfers from one fund 
to another. 
Due to their slightly different advantages, ETFs and index mutual funds co-existence is 
justified and expected to last in the future. 
 
2.4 Benefits and risks of Exchange-Traded Funds 
 
ETFs offer investors a simple, low cost means of diversification and the ability to be 
bought and sold intraday. 
One of the major advantages of ETFs is that they enable investors to diversify their 
portfolios, investing in a range of asset classes, including emerging market equities and 
commodities that might otherwise be difficult to access. Further, ETFs tend to be a cost-
effective method of investing, with expenses generally lower than similar products 
offered by managed funds. Another advantage of this indexed security results from the 
fact that ETFs trade like ordinary shares and may, therefore, be sold short (where a 
security is borrowed and then sold, allowing the seller to profit from falling prices) and 
investors can use risk-management strategies such as limit and stop-loss orders in 
making trades (Kosev and Williams, 2011). 
Despite the advantages described above, ETF investment does not come without risks 
and this product is increasingly attracting the attention of regulators. Concerns about 
ETFs, generally, stem from liquidity and counterparty risk (for synthetic ETFs, 
particularly those using swaps, and those lending the securities underlying the ETF to 
generate additional income) and, in some cases, complexity and a lack of transparency. 
An ETF’s liquidity on the primary market is linked to the liquidity of the underlying 
assets. In addition, some ETFs may not trade actively intraday and market volatility can 
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inhibit liquidity for ETFs if large ETF traders withdraw from the market or there are 
difficulties in creating new ETF shares.  
Finally, there is the issue of complexity and transparency. Part of the appeal of physical 
ETFs is their simplicity, and some investors are attracted by the fund being backed by 
the assets underlying the benchmark. However, there has been significant growth in the 
number of ETFs with complicated structures using derivatives to create leverage, as 
well as funds based on opaque performance benchmarks. In some cases, the exact 
structure and types of derivatives being used by ETFs are unclear. These more complex 
investments can vary considerably in both their structures and the risks they present 
(Kosev and Williams, 2011). 
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3 Tracking error and its determinants: a literature review 	
The academic literature on ETFs has been growing, reflecting the importance and the 
increasing demand of these products. However, there is still plenty of room for more 
research on this topic. For example, there is still no consensus in the literature regarding 
the definition of tracking error of the ETFs and their determinants, which are the subject 
of this dissertation.  
In this chapter we start by discussing tracking error estimation methods used in previous 
studies and their main results. Then we present the main studies concerning the 
determinants of ETFs’ tracking error. Finally, we present a critical analysis of the 
literature on those topics. 
 
3.1 Tracking error in Exchange-Traded Funds 	
3.1.1 Estimation methods 
 
There are several papers on the main topic of this study, the tracking error of ETFs, 
which is defined as the difference between the returns of the ETF and the underlying 
index. Those studies are based on five different estimation methods, all of them based 
on return differences between the ETF and the underlying index. Some papers have 
used the price of the ETF to calculate the returns – see, for example, Wong and Shum 
(2010) and Rompotis (2011) - , while others use the Net Asset Value (NAV) of the ETF 
(Shin and Soydemir, 2010). 
Those five methods, that we describe in some detail below, are the following: (1) the 
simple difference between the returns (Wong and Shum, 2010); (2) the average absolute 
difference in returns (Frino and Gallagher, 2002); (3) the standard deviation of the 
returns difference (Frino and Gallagher, 2001); (4) the standard error of the regression 
equation, where the returns of the ETF are regressed on the returns on the benchmark 
index (Rompotis, 2005); and, finally, (5) the R-Squared of the regression previously 
referred (Chu, 2011).   	
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Method 1 – Simple Difference between returns 
 
This method defines the tracking error simply as the return difference between the ETF 
and the underlying index and it is the simplest way to compute it. Among others, Wong 
and Shum (2010) used this method, which consists in the following equation: 
 𝑇𝐸! = 𝑅!"#,! − 𝑅!,!  (1) 
 
where 𝑅!"#,! is the daily return of the ETF and 𝑅!,! is the daily return of the underlying 
index.  
 
Method 2 – Average absolute difference in returns 
 
The second method of estimating the tracking error of the ETF uses the average 
absolute difference between the return of the ETF and the return of the underlying 
index, and was used, among other authors, by Frino and Gallagher (2001) and Osterhoff 
and Kaserer (2016). This method, that makes no distinction between positive and 
negative returns, computes the tracking error as follows: 
 𝑇𝐸! = |!!,!|!!!!!   (2) 
 
where 𝑒!,! = 𝑅!"#,! − 𝑅!,! and n is the number of observations in the period.   
 
Method 3 – Standard deviation between return differences  
 
The third method of computing the tracking error of ETFs uses the standard deviation of 
the return differences and it was applied, among others, by Frino and Gallagher (2001) 
and Chu (2011). The tracking error as the standard deviation of return differences 
between the fund and index is measured as follows: 
 𝑇𝐸! = !!!!  (𝑒!,! − 𝑒!)!!!!!   (3) 
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Method 4 – Standard error of the regression 
 
The last two methods used to estimate the tracking error of ETFs are based on standard 
linear regression models used, among other authors, by Frino and Gallagher (2001) and 
Rompotis (2005): 
 𝑅!"#,! = 𝛂!"# + 𝛽!𝑅!,! + 𝜀!  (4) 
 
According to this equation, when the returns of the ETFs (𝑅!"#,!) are regressed on the 
returns of the benchmark index (𝑅!,!), the standard error of the regression equation (the 
volatility of residuals (𝜀!) around the regression line) gives an estimate of the tracking 
error.  
While this method should provide similar results to 𝑇𝐸!, Pope and Yadav (1994) note 
that if the beta of a portfolio is not exactly equal to one, then the regression residuals 
will differ from the tracking error metric 𝑇𝐸!. If the relationship between the two sets of 
returns is non-linear, then this approach will overstate the tracking error. Therefore, TE4 
will stand for the tracking error estimation calculated with standard error of the 
regression mentioned above. 
 
Method 5 – R-Squared of the regression 
 
The fifth method takes the R-Squared of the regression model (4) as an estimation of 
the ETF tracking error. This method was used, among others, by Chu (2011). TE5 will 
stand for the tracking error estimation calculated with the R-Squared of the regression.  
 
3.1.2 Results in the literature  
 
Although all studies, independently of the measure used, conclude on the existence of 
tracking errors in ETFs, there is no consensus on its magnitude. Evidence suggests that 
the source of those differences in the magnitude of the tracking error of ETFs does not 
seem to come from the measure of the tracking error used in the estimation. As we 
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describe below, several studies conclude that differences in the results of different 
measures do exist, as expected, but do not seem to be significant. However, the 
literature suggests that when the same measures are applied to different samples we 
may reach different conclusions. For example, Frino and Gallagher (2001 and 2002) 
applied the same tracking error of index funds’ estimation method to the US and 
Australian markets and found very different results.  
Frino and Gallagher (2001) examined both the magnitude and variation of tracking error 
over time for 42 S&P 500 index mutual funds and provided a direct performance 
comparison between index and active mutual funds. They used the estimation methods 
2, 3 and 4 mentioned above, for the period 1994 to 1999, using monthly data. They 
concluded that methods 3 and 4 provide very similar results and the cross-sectional 
average S&P 500 index mutual fund’s tracking error (method 3) in the sample period is 
8,0 basis points per month or 27,6 basis points per annum. In what concerns to the 
method using the average absolute difference between returns they estimated a cross-
sectional average TE2 equal to 5,9 basis points per month and that it is in the range of 
3,9 and 11,0 basis points per month before expenses. From these results the authors 
conclude that tracking error over time is inherent in ETFs’ performance. However, 
Frino and Gallagher (2001) also conclude the overall performance objectives of index 
funds are not compromised. Frino an Gallagher (2002) analyzed the tracking error 
performance in the Australian market, using the same estimation methods in Frino and 
Gallagher (2001). However, in their paper of 2002, using monthly data for the period 
between July 1989 and March 1999, they reached very different results, namely, they 
concluded on the existence of significance tracking error for Australian index funds. In 
this case, the magnitude of the difference between index fund returns and index returns 
averages between 7.4 and 22.3 basis points per month across index funds operating for 
more than five years. 
Johnson (2009) provides another example of the importance of the sample for the 
magnitude of ETFs’ tracking error. This author studied 20 foreign country ETFs from 
1997 and 2006, using daily and monthly data. The author concluded that ETFs 
representing Canada, Mexico and Brazil consistently represented their underlying index 
and performed quite well tracking their benchmark. On the other hand, ETFs 
representing Hong Kong, Malaysia and Taiwan reflect a relatively poor ability to track 
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their underlying index. Johnson (2009) also concludes that for individual investors 
using ETFs to capture foreign exchange performance, these products seem to do a good 
job of tracking their underlying index, although choosing ETFs of countries trading 
simultaneously with the US exchange will still result in more accurate tracking than 
other ETFs. 
Examples of other papers that conclude that ETFs generally track their underlying index 
quite well and that discrepancies are only of a very small magnitude are:  Shin and 
Soydemir (2010) that estimated the tracking error of 26 ETFs (20 iShares Morgan 
Stanley Capital International (MSCI) Country Funds and 6 iShares Broad U.S. Equity 
Market Funds), for the period between July 2004 and June 2007; Buetow and 
Henderson (2012) that used a sample of 845 ETFs from the U.S. market; and Aroskar 
and Ogden (2012) that studied 25 iPath Exchange-Traded Notes (ETNs), using daily 
data, for the period between 25 June 2008 and 4 March 2011, with a total of 700 
observations. 
On the other hand, other studies conclude that some ETFs do a poor job in tracking the 
underlying index. For example, Chu (2011) studies the tracking errors and their 
determinants from a sample of 21 Hong Kong ETFs, for the period 2009-2011, using 
daily data. In his study he used the estimation methods 2, 3, 4 and 5 described above. 
Based on method 2, the daily tracking error averages range from 0,2495% to 2,1311% 
across ETFs, the tracking errors based on the standard deviation of the return 
differences (TE3) range from 0,3638% and 2,7365%. Finally, the R-Squared of the 
regression (TE5) for the entire sample ranges from 0,0005 to 0,9649. From these results, 
Chu (2011) concludes that ETFs do not provide a fully efficient tracking of the 
underlying indexes.   
 
3.2 Determinants of Tracking Error 
 
There is no consensus in the literature concerning the determinants of the tracking error 
of ETFs. The main determinants found in the literature are the expense ratio, the size, 
the dividend yield, the liquidity and the risk of the ETFs. Next we describe those 
determinants.  
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Expense ratio  
 
The expense ratio is the annual fee, in the form of a percentage over the assets,  that 
ETFs charge their investors for management, administrative and operating costs. The 
expense ratio is one of the most accepted factors for the existence of a gap between the 
return of the ETF and the return of the underlying index. The higher expense ratio the 
large is the tracking error and the more an ETF is expected to underperform the 
underlying index – see, for example, Charupat and Miu (2013). As Rompotis (2011) put 
it, ceteris paribus, ETFs with a higher expense ratio are expected to have a lower 
performance and, thus, a higher tracking error.   
We should therefore expect a positive relation between the expense ratio and the 
tracking error of ETFs, which is corroborated by most of the literature – see for example 
Frino and Gallagher (2002), Aroskar and Ogden (2012) or Osterhoff and Kaserer 
(2016).  
 
Size  
 
The variable size is given by the market value of the ETF. Given that a bigger fund will 
have a higher capacity to track the underlying index, a negative relationship between the 
size and the tracking error of the ETF is expected. The negative relationship between 
the size and the tracking error of the ETF may also be explained by the fact that when 
there are higher amounts of money invested, the fund manager may feel more pressured 
to perform well. Additionally, bigger funds can attract better managers which may 
result in a better tracking performance. Chu (2011), among others, found evidence that 
corroborates that negative relation between the variable size and the tracking error. 
 
Dividend yield 
 
Dividend yield is another factor that is commonly accepted to have impact in the 
tracking error of ETFs. As explained in Chu (2011) when the listed stocks in an index 
pay dividends, the index immediately assumes that the dividends are re-invested in the 
stocks on the ex-dividend day. However, in reality, investors face delays in receiving 
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dividends in cash. Fund managers have to wait to receive dividends before they are able 
to reinvest, and their reinvestment activities also incur in transaction costs that are not 
considered in the computation of market indexes. These delays in receiving dividends 
and costs incurred in reinvestment may erode ETFs’ abilities to replicate index 
performance (Chu, 2011), implying a positive relation between dividend yields and the 
tracking error. 
According to Chu (2011), the magnitude of tracking errors is found to be positively 
related to the dividend yield. Osterhoff and Kaserer (2016) also found a positive 
relationship between dividend yield and the tracking error.  
 
Risk 
 
The risk of an ETF is another factor usually considered in the studies that try to explain 
the tracking error determinants. Usually, this variable is calculated based in the standard 
deviation of ETFs’ returns – see, for example, Rompotis (2011). 
A higher risk, measured as a higher volatility in returns, is expected to have a positive 
impact in the tracking error, as it is more difficult for the fund manager to follow the 
underlying index. Another possible explanation for the positive effect of the risk in the 
tracking error is that, in periods of higher volatility in the market, the volume of 
transactions increases, which means that the number of creations and redemptions of 
ETF shares also increases. As a consequence, we will have a higher bid/ask spread and, 
consequently, a higher tracking error. 
The results of Rompotis (2011) using a sample of 50 iShares, for the period 2002-2007, 
found a big positive impact of risk in the tracking error. The variable risk was estimated 
as the standard deviation of ETFs’ returns on an annual basis, where the returns were 
previously calculated based on the prices of the ETFs and underlying indexes.  
 
Liquidity 
 
The liquidity of ETFs, usually measured by volume, may explain the tracking ability of 
ETFs. On a working paper from 2011, Chu hypothesized that higher liquidity leads to 
greater cash inflows to ETFs, which may reduce the fund’s trading costs and, therefore, 
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its level of tracking error. However, the author found that the higher the trading 
volumes of the funds the higher the tracking error and in their paper published in 2011, 
they did not include this variable. We decided to include this variable to study the 
impact of the trading volume in our sample and it is expected that liquidity will 
positively affect the ETFs’ tracking error, based in the Chu’s hypothesis described 
above. 
 
Bull & Bear Periods 
 
Wong and Shum (2010) examined 15 ETFs from 7 countries, using the daily closing 
ETF price and the related underlying index for the period 1999-2007. Their main 
objective was to compare ETFs’ risk and return performances in bullish and bearish 
markets. In the stock market terminology, bull (bear) market corresponds to periods of 
generally increasing (decreasing) markets prices. 
They found a positive tracking error, on average. Overall, the absolute mean and the 
standard deviation of bullish markets were found to be mostly higher than those in 
bearish markets, which can suggest that ETF pricing is more volatile in bullish markets. 
Analyzing the returns of ETFs, Wong and Shum (2010) found, similarly to the tracking 
error analysis, that the absolute mean and the SD are higher in bullish markets than 
those in bearish markets. Following this rational, we expect that bull periods will 
present a higher tracking error than bear periods. 
 
3.3 Conclusion 
 
The tracking error is important because, when investing in ETFs, investors expect to 
receive the same return as its underlying index. Despite of being one of the most 
discussed subjects regarding ETFs, previous studies have not been conclusive about 
ETFs’ tracking performance. As discussed in the previous sections, Aroskar and Ogden 
(2012) and Rompotis (2011), for example, found that ETFs perform well and manage to 
mimic their benchmark relatively well. On the other hand, other authors, such as 
Johnson (2009) and Chu (2011) find the opposite and argue that there is much room for 
improvement. 
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The determinants of the tracking error are another subject where there is no consensus 
in previous literature. As described above, the main factors that found support in 
previous studies are the expense ratio (Frino and Gallagher, 2002 and Rompotis, 2011), 
the size (Chu, 2011), the dividend yield (Osterhoff and Kaserer, 2016) and the risk 
(Rompotis, 2011). We expect that all of them, excluding the size, will affect positively 
the ETFs’ tracking error. 
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4 Estimation methods 	
In this chapter we present the estimation methods used in this dissertation. First, we will 
describe the methodology for the computation of tracking error performance. Then, we 
will describe the regression that we will estimate in order to identify the tracking error 
determinants. 
 
4.1 Tracking error performance 	
All the methods used in this dissertation to estimate the tracking error performance of 
ETFs are based on return differences between the ETF and the underlying index, as 
described in section 3.1.  
Some studies have used the market price of the ETF in order to calculate the returns, 
others the Net Asset Value (NAV) of the ETF. An ETF’s market price is the price at 
which shares in the ETF can be bought or sold on the exchanges during the trading 
hours. On the other hand, the NAV represents the value of each share’s portion of the 
fund’s underlying assets and cash at the end of the trading day. The NAV is calculated 
by adding up the value of all assets in the fund, including assets and cash, subtracting 
any liabilities, and then dividing that value by the number of outstanding shares in the 
ETFs and it is done after the markets close. 
In this study we are going to use the Return Index (RI) of each fund and their respective 
underlying indexes to calculate the both returns because, as it uses the ETF’s prices, it 
measures more accurately the tracking error an ETFs’ investor faces. 
The values of RI were retrieved from Thomson Reuters Eikon. This variable represents 
a theoretical growth in value of a share holding over a period, assuming that dividends 
are reinvested to purchase additional unit trusts at the closing price applicable on the ex-
dividend date. For unit trusts, the closing bid price is used. 
Up to this time the RI is constructed using an annualized dividend yield, as follows: 
 𝑅𝐼! = 𝑅𝐼!!! ∗ 𝑃𝐼!𝑃𝐼!!! ∗ (1+ 𝐷𝑌!100 ∗ 1𝑁) 
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Where 𝑅𝐼! is the return index on day t, 𝑅𝐼!!! is the return index on previous day, 𝑃𝐼! is 
the price index on day t, 𝑃𝐼!!! is the price index on previous day, 𝐷𝑌! is the dividend 
yield % in day t and N is the number of working days in the year (taken to be 260). 
 
The returns of the ETFs and the underlying indexes were calculated according to the 
following formulas, respectively: 
 𝑅!"!,! = !"!"#,!!!"!"#,!!!!"!"#,!!!   (5) 
 𝑅!,! = !"!,!!!"!,!!!!"!,!!!   (6) 
 
where 𝑅𝐼!"#,! is the RI of the ETF on day t, 𝑅𝐼!"#,!!! is the RI of the ETF on the 
previous day, 𝑅𝐼!,! is the RI of the underlying index on day t and 𝑅𝐼!,!!! is the RI on the 
previous day. 
The first estimation method (TE1) is the one represent by the equation (1), and it is the 
difference between the returns of the ETF and the underlying index. This method 
distinguishes between a positive and a negative tracking error. It  may not be accurate 
when the fund is not consistent with having either a positive or a negative tracking error 
and, for that reason, it may not be accurate and it may underestimate the true tracking 
error. However, it is a good start point to find out if there is some degree of tracking 
error in the funds. 
The second method (TE2), as present in equation (2), is the average absolute difference 
between the two returns and thus it makes no distinction between positive and negative 
numbers. As a consequence, this method should be more informative than TE1 and, 
theoretically, it should result in a tracking error that is at least as high as the tracking 
error computed using the first method. 
The third method  (TE3) is applied by calculating the standard deviation of the return 
differences, as described in equation (3). It is important to note that if the ETF 
consistently underperforms the underlying index by x per cent per day, then the use of 
this method will result in zero tracking error over the period. The same problem occurs 
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if an ETF consistently outperforms the index and would provide different conclusions 
concerning tracking error relative to TE2.  
The last two methods are based in the regression (4). The first  one is applied using the 
standard error of the regression (TE4) and the second one is estimated based in the R-
Squared of the regression (TE5). This last method is very intuitive and easy to interpret 
because it shows how much of the variation of the ETF return is explained by the 
underlying index return.  	
4.2 Determinants of the tracking error		
After analyzing the tracking error performance in the sample, we will run five 
regressions corresponding to the five tracking error measures presented above as the 
dependent variable and we will try to determine its main determinants.  
The explanatory variables used in these regressions was referred in the literature review, 
with the exception of the week days variables. They are the size, the dividend yield, the 
risk, the expense ratio and the liquidity and they were presented in section 3.2.   
We will run two different set of regressions. The first one includes the variables size, 
dividend yield, risk, expense ratio and liquidity. In the second set of regressions are 
included two additional variables: the week days and the bull & bear periods.  
As we discussed in chapter 3, this is a subject where there is no consensus in previous 
studies. The first set of regression, presented in equation (7), is the following:  
 𝑇𝐸! = 𝛃! + 𝛃!×𝑠𝑖𝑧𝑒! + 𝛃!×𝑑𝑦𝑖𝑒𝑙𝑑! + 𝛃!×𝑣𝑜𝑙! + 𝛃!×𝑟𝑖𝑠𝑘! + 𝛃!×𝑒𝑥𝑝! + 𝜀!  (7) 
 
 
Where TEi, where i=1,2,3,4,5, stands for one of the five estimation methods of the 
tracking error, size is measured by the market value (daily data); dyield is the dividend 
yield (daily data); vol is the volume that is an estimation of the liquidity of the product 
(daily data); risk is calculated using daily data based on the standard deviation of ETF 
returns of the 22 previous days; and exp is the expense ratio (annual data). 
 
Then we consider another set of regressions that include additional explanatory 
variables: a dummy variable for the week days and a dummy variable representing the 
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bull & bear periods. Regarding the dummy variable day of the week, we decided to use 
it to test if there is a day of the week effect in the dependent variable. We also control 
for bull and bear periods (B&B) to evaluate its impact in the tracking error. We 
included this variable to try to check the effect of different states of the market - bull 
and bear. It is important to refer that there are not a unique measure of the state of the 
market and depending on the estimation method we can have different periods. In this 
study we follow the approach of Pagan and Sosunov (2003) for the definition of bull 
and bear periods. 
We also tested the effect of the months of the year. We apply an overall significance 
test to the dummy variables representing the months of the year and we conclude that 
we do not reject the null hypothesis that there is no systematic variation of the 
dependent variable across the different months2. For that reason we do not include this 
variables in our regressions. 
This set of regressions take the following form: 
 𝑇𝐸! = 𝛃! + 𝛃!×𝑠𝑖𝑧𝑒! + 𝛃!×𝑑𝑦𝑖𝑒𝑙𝑑! + 𝛃!×𝑣𝑜𝑙! + 𝛃!×𝑟𝑖𝑠𝑘! + 𝛃!×𝑒𝑥𝑝! + 𝛽!×𝑡𝑢𝑒𝑠𝑑𝑎𝑦! + 𝛽!×𝑤𝑒𝑑𝑛𝑒𝑠𝑑𝑎𝑦! + 𝛽!×𝑡ℎ𝑢𝑟𝑠𝑑𝑎𝑦! + 𝛽!×𝑓𝑟𝑖𝑑𝑎𝑦! + 𝛽!"×𝑏𝑒𝑎𝑟!+𝜀! (8) 
 
Where bear variable is a dummy that gets the value of 1 if it is a bear period and of 0 if 
it is a bull period.  
  
																																																								2	The F-Statistic associated with the test is 0,72, with a p-value of 0,7233.  
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5 Data 
5.1 Collection and Sources 	
As we described in chapter 2, the number of ETFs available in the financial market has 
been increasing since 1993, when the first ETF was created, having reached almost 
4.500 in 2015 (www.statista.com, 2016). Therefore, there are several ETFs that have 
only been around for a short period of time. In order to analyze the consistency of the 
tracking error of ETFs over time we decided to analyze only ETFs with more than 2 
years of data. 
In the construction of the sample we have taken the following steps. In the first place 
we used the ETF Screener and Database from the website www.etf.com, which 
allowed us to apply filters to the full list of ETFs in the market. We began by choosing 
equity in the ‘asset class’ field, because there are not a lot of studies that focus only on 
this specific type of ETF, for all levels of economic development (blended 
development, developed markets, emerging markets and frontier markets). We only 
considered ETFs from the U.S. because this is the market where these products are 
more popular and also where these are more diverse. Additionally, we also chose an 
option to label each ETF according to its size and style category, which allow us to 
analyze the sample divided into micro, small, mid or large cap and extended or total 
market. Finally, we excluded the inverse/leveraged ETFs from the sample. From the 
application of these restrictions resulted a sample of 316 ETFs.  
The second step in the construction of our sample was to obtain information about the 
ETFs in the initial sample and their respective underlying indexes, using the database 
Thomson Reuters Eikon. First, we collected the tickers of each ETF and the information 
about their history, that is, how many observations we had for each of them and their 
inception date. We proceed to select funds with more than 2 years of trading data, 
which resulted in a sample of 203 ETFs. 
The next step was to collect the same information for the underlying indexes and to 
confirm how many of them were available and had the same history as the ETFs, to 
allow us to estimate their tracking error. Only 94 of them had a history equal or higher 
than the ETFs. 
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Next, we started to collect the information about the main variables needed for the study 
and we concluded that the database did not have information available for 4 of the 94 
ETFs in the sample, which decreased the sample to 90 ETFs. Then, from the analysis of 
the tracking error of our sample of 90 ETFs, we concluded that 2 of them needed to be 
excluded because one of them used derivatives (U:EUSA) and the other changed the 
underlying index (U:VIXH).  
In the end, we got a final sample of 88 ETFs and 59 underlying indexes. Appendix – A 
presents a table with the full sample of ETFs and their respective underlying indexes. 
That table also presents the information about the inception date of each fund and the 
number of available observations for each of them. 
We analyzed the sample from July 1996 to July 2016, which resulted in 239.706 
observations for complete sample ETFs. When analyzing our results we should take 
into consideration that our sample includes the period of very high market volatility, 
namely, the 2000 dotcom crash, the 2007-2009 international financial crisis and the 
2010-2012 euro area sovereign debt crisis.   
For the analysis of the determinants of the tracking error, we have considered the period 
between 1999 and 2014, as we only had data for the expense ratio for that period. 
Before restricting the period of analysis we ran the regression without the expense ratio 
variable for the two different periods (1996-2016 and 1999-2014) and the results were 
very similar for the two periods considered. However, this will be explained later with 
more detail when analyzing the determinants of the tracking error.    
Having the final sample defined, we collected closing prices and total return indexes for 
both ETFs and underlying indexes. More data than these two variables are necessary for 
testing the determinants of the tracking error. Therefore, some more data was collected 
and auxiliary calculations were made for this purpose, namely: i) volume was estimated 
based o the market value; ii) expense ratio; iii) liquidity, which was assessed throughout 
the volume; iv) risk was calculated as the standard deviation of the ETF returns of the 
previous 22 days; v) dividend yields. Bull and bear periods were defined according to 
Pagan and Sosunov (2003).   
All the variables were taken from Thomson Reuters Eikon, with the exception of the 
expense ratio, which the data was retrieved from The Center for Research in Security 
Prices (CRSP).  
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5.2 Descriptive statistics  
5.2.1 Returns of ETFs and indexes 	
In Table 1 we present the descriptive statistics for the returns of ETFs and indexes 
included in our sample. The data show that the average daily returns for ETFs and 
indexes are approximately the same, with the values of 0,000419 and 0,000366, 
respectively. From the data we can also conclude that the standard deviation of the 
returns of ETFs and indexes are also very similar, with the values of 0,0133 and 0,0135, 
respectively.  
 
Table 1 - ETFs and indexes returns - Full Sample 	
VARIABLES N Mean P25 P50 SD Min Max 
        
ETF Return 218,129 0,000419 -0,00543 0,000790 0,0133 -0,194 0,431 
Index Return 218,129 0,000366 -0,00558 0,000746 0,0135 -0,132 0,188 
        
 
 
Notes: Column 1 presents the number of observations; column 2 the average value of the returns; P25 and P50 
present, respectively, percentiles 25 and 50; SD stands for standard deviation and min and max stand for, 
respectively, the minimum and maximum value. 
 
Tables in Appendix – B and Appendix – C show the descriptive statistics for all the 
ETFs and their underlying indexes, respectively, included in our sample. 
Another important thing to mention the fact that the number of ETFs in the sample has 
increased during the sample period – see Figure 2.  
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Figure 2 - Evolution of the number of ETFs in the sample 	
 
 
 
 
 
 
 
 
 
 
 
 
 
 
5.2.2 Explanatory variables 	
Table 2 shows the descriptive statistics of the explanatory variables of the regressions, 
described in section 4.2: the size (measured by the market value of each ETF), the 
dyield that stands for dividend yield, volume (representing a proxy to the liquidity of the 
ETF), risk (calculated by the standard deviation of the returns of each ETF in the 22 
previous days), exp that stands for expense ratio and bear (a dummy variable that 
assumes the value 1 in bear periods and the value 0 in bull periods). 									
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Table 2 - Explanatory variables - Descriptive Statistics 
VARIABLES N mean p25 p50 sd min max 
        
Size 163.269 4.631 116,3000 734,1000 11.639 1,8100 174.686 
Dyield 163.269 1,5270 0,8900 1,4600 0,9850 0,0000 10,8300 
Volume 163.269 6.049 14,2000 131,4000 29.092 0,0000 871.547 
Risk 163.269 0,0119 0,0072 0,0096 0,0077 0,0012 0,1140 
Exp. 163.269 0,0025 0,0020 0,0025 0,0012 0,0005 0,0078 
Bear 163.269 0,2430 0,0000 0,0000 0,4290 0,0000 1,0000 
        
 
Notes: Column 1 presents the number of observations; column 2 the average value of the returns; P25 and P50 
present, respectively, percentiles 25 and 50; SD stands for standard deviation and min and max stand for, 
respectively, the minimum and maximum value. 
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6 Results  	
In this chapter we present the results of our estimations, both for the tracking error 
performance (section 6.1) and for the determinants of the tracking error (section 6.2).  
 
6.1 Tracking Performance of ETFs 	
The tracking error gives us information on how well the ETFs are tracking the 
underlying index. If the tracking error is close to zero it means that the fund shows a 
good tracking performance. As explained above, our sample covers the period 1996-
2016. 
Table 3 presents the descriptive statistics for the five measures of the tracking error 
described in section 3.1. 
 
Table 3 - Tracking error calculations for the full sample 	
TE Mean SD Min P10 P25 P50 P75 Max 
TE1 0,0001 0,0040 -0,2284 -0,0023 -0,0008 0,0001 0,0009 0,3698 
TE2 0,0019 0,0019 0,0003 0,0004 0,0007 0,0014 0,0023 0,0195 
TE3 0,0047 0,0030 0,0006 0,0020 0,0026 0,0036 0,0064 0,0200 
TE4 0,0134 0,0102 0,0000 0,0036 0,0054 0,0114 0,0168 0,1122 
TE5 0,9295 0,1109 0,1373 0,8084 0,9287 0,9670 0,9925 1,0000 
 
Notes: Column 1 presents the average value of the returns; column 2 presents the standard deviation, P10, P25, P50 
and P75 present, respectively, percentiles 25 and 50; SD stands for standard deviation and min and max stand for, 
respectively, the minimum and maximum value. Each row corresponds to a different estimation method for the 
tracking error. 
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6.1.1 TE1 – Simple Difference between ETF Returns and Indexes 
Returns 
 
The results for the tracking error, measured as the simple difference between ETF 
returns and indexes returns, are presented in the second row of Table 3. The average 
value of the tracking error is 0,0001, the minimum -0,2284 and the maximum 0,3698. 
As it was referred before, this method is the simplest to apply because we just need to 
take the differences between ETF returns and index returns. However, the average value 
is not a very good indicator because the negative value will cancel the positive value 
and vice-versa. For that reason, the next measure, based in the absolute difference of the 
returns, can give us a more accurate analysis on the tracking error. 
Figure 3 shows the evolution of the average tracking error (TE1), using daily data.  
We can conclude from the analysis of Figure 3 that ETFs have improved their tracking 
ability over time and the average tracking error seems to fluctuate around zero after 
2002. From the analysis of Figure 3, we can notice spikes coinciding with the 2000 
dotcom crash, the 2008 international financial crisis and the euro area sovereign debt 
crisis in 2011. 
 
Figure 3 - Full Sample Average Tracking Error (TE1) 								
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6.1.2 TE2 – Absolute Difference Tracking Error 
 
Measure TE2 treats negative and positive variations as equal, allowing for fluctuation of 
over- and under-performance. This is a more precise indicator on the tracking ability 
since tracking accuracy is being investigated and not fund (over/under-) performance. 
We use daily data in the estimation of the absolute tracking error. 
The results for the absolute difference tracking error method are presented in the third 
row of Table 3. We can conclude that its average value equals 0,0019, which is a quite 
low value but, as expected, significantly higher than the average value of the TE1.  
Figure 4 shows the evolution of the absolute average tracking error (i.e. TE2 average) on 
a daily basis, for the full sample over the period (1996-2016). Similarly to Figure 3, 
there are some spikes around 2000 (dotcom crash), 2008 (international financial crisis) 
and then in 2011 (euro area sovereign debt crisis). Plus, we can also conclude that the 
ETFs have been improving their tracking ability because the average absolute tracking 
error (TE2) has been decreasing over time, with the exception of the periods 
corresponding to the international financial crisis and to the sovereign debt crises.  
Concluding, in general, we can say that the tracking performance for the sample of 
ETFs is quite stable and accurate. 
 
Figure 4 - Full Sample Average Absolute Tracking Error (TE2) 																	
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6.1.3 TE3 – Standard Deviation of Return Differences 
 
In the fourth row of Table 3 we present the results for the estimation method based on 
the standard deviation of return differences (TE3), based on daily data. The lower the 
standard deviation the better the tracking accuracy. The average value for this 
estimation method equals 0,0047. The range of values for TE3 is very small, going from 
a minimum value around 0,0006 to a maximum value around 0,0200.  
Figure 5 represents the average value of the standard deviation of return differences (i.e. 
TE3 average) on a daily basis, for the period covered in our sample (1996 – 2016). From 
its analysis we conclude that the values are quite irregular, with a spike in 2000 (dotcom 
crash) and 2008 (international financial crisis). 
 
Figure 5 - Full Sample Average Standard Deviation of Returns Differences (TE3) 
 
 
 
 												
6.1.4 TE4 – Standard Error of the Regression 
 
The results for the standard error of the regression are presented in the fifth row of 
Table 3. The measure gives the standard deviation of the sampling distribution’s mean. 
The lower the standard error of the regression, the better the ETF’s tracking 
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performance. According to the results presented in Table 3 the average for the full 
sample is 0,0134. 
Figure 6 shows the average standard error of the regression (tracking error measure 
TE4). From its analysis we conclude that the tracking error has been decreasing over 
time: the minimum value is around 0,0000 and the maximum is around 0,1122.  
In Figure 6 the positive impact of the 2000 dotcom crash, the 2008 international 
financial crisis, the 2011 euro area sovereign debt crisis on the tracking error is visible.   
 
Figure 6 - Full Sample Average Standard Error of the Regression (TE4)  
 
 
 
 
 
 
 
 
 
 
 
 
 
6.1.5 TE5 – R-Squared of the Regression 
 
In the last row of Table 3 we present the results for the R-Squared estimation method 
(TE5). The coefficient of determination (R2) tells us how much of the dependent 
variable’s variation (the return of the ETF) is explained by the independent variable (the 
return of the underlying index). Thus, the closer to 100%, the better the model captures 
variation in the dependent variable. Therefore, the better the performance of the ETF the 
closer its R2 to 1.   
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For our sample, the average value of the R-Square of the regression between the return 
of the ETF and the return of the underlying index is 0,9295, which means that 92,95% 
of the variations in the ETFs’ returns are explained by variations in the returns of the 
underlying indexes. Results presented in Table 3 show that the minimum value obtained 
with this measure was 0,1373 and the maximum was 1,0000.  
Figure 7 shows that this measure of the tracking error shows an increasing trend during 
the period analyzed. The lowest value, in 2001, is around 83%, which corresponds to a 
quite good tracking of the underlying indexes. The positive (negative) impact of the 
2000 dotcom crash, the 2008 international financial crisis and the 2011 euro area 
sovereign debt crisis on the tracking error of ETFs (on the R-Squared) are visible in 
Figure 7.   
 
Figure 7 - Full Sample Average R-Squared of the Regression (TE5) 	
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6.1.6 Correlation between Tracking Error measures  
 
Table 4 - Correlation matrix between tracking error estimations 
 
 
 
 
 
 
Notes: Correlations, TE1, TE2, TE3, TE4 and TE5. 
 
In Table 4 we present the correlation matrix of the five tracking error measures 
described in section 6.1. From the analysis of the table we conclude that there is a 
strong and negative correlation between TE2 and TE5 (-0,7706), TE3 and TE5 (-0,6442) 
and TE4 and TE5 (-0,9352): when the R-Squared is higher, the tracking error is smaller, 
which explains why these three pairs of measures change in different directions. 
Table 4 also shows a relatively strong and positive correlation between TE3 and TE2 
(0,7164). We should also note that TE1 has a weak correlation with all other measures 
of ETFs’ tracking error. 
The correlation matrix allow us to conclude that all measures of the tracking error of 
ETFs – except for TE1 – give similar results. In the next chapter we are going to use the 
five measures to identify the main determinants of the deviations of ETFs’ returns from 
the returns of the underlying indexes.    
	
6.2 Determinants of Tracking Error 	
To estimate the determinants of the tracking errors, as explained in chapter 4, we started 
by estimating 5 different regressions, each one of them with a different measure of the 
tracking error of ETFs – TE1, TE2, TE3, TE4 and TE5 – and with the explanatory 
variables included in equation (7). 
 
 
 TE1 TE2 TE3 TE4 TE5 
TE1 1,0000 
    TE2 -0,0024 1,0000 
   TE3 -0,0035 0,7164 1,0000 
  TE4 -0,0016 0,7911 0,7077 1,0000 
 TE5 0,0016 -0,7706 -0,6442 -0,9352 1,0000 
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As explained in chapter 5, when constructing the sample we concluded that the variable 
expense ratio was only available for the period 1999-2014. Therefore, we had to restrict 
our sample to that period. In order to evaluate if the time span of the sample was 
significant, we ran the five regressions with all the independent variables, except for the 
expense ratio, for two different periods – 1996-2016 and 1999-2014. The results of the 
exercise comparing the two sample periods are presented in Appendix – G, where each 
table corresponds to a different tracking error measure. Each of those tables presents the 
results of the regression for those two periods. The last column of the tables presents the 
results of the regression for the shorter period, including the expense ratio. We obtain a 
general and consistent result where the estimates for the key parameters in our model 
are similar across the two sample periods within each tracking error measure. As we did 
not find significant differences for the two periods, we will focus our empirical research 
in the period 1999-2014.  
Table 5 shows the results of the estimation of the five versions of equation (7), for the 
period 1999-2014.  
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Table 5 - Regression results TE1, TE2, TE3, TE4 and TE5 for the period 1999-2014 	
 (1) (2) (3) (4) (5) 
 TE 1, OLS TE 2, OLS TE 3, OLS TE 4, OLS TE 5, OLS 
Size 8.30e-10 -2.80e-08*** -5.15e-08*** -1.90e-07*** 1.59e-06*** 
 (1.24e-09) (5.33e-10) (8.36e-10) (2.86e-09) (3.11e-08) 
Dyield 2.06e-04* -1.21e-04*** -0.0005*** -0.0002*** -0.0028*** 
 (1.06e-04) (4.54e-06) (7.14e-06) (2.44e-04) (0.0003) 
Volume -5.48e-10 4.50e-09*** 1.35e-08*** 2.57e-08*** -1.77e-07*** 
 (4.84e-10) (2.08e-10) (3.27e-10) (1.12e-09) (1.22e-08) 
Risk -0.0021 0.0818*** 0.0453*** 0.0547*** -0.5601*** 
 (0.0014) (0.0006) (0.0009) (0.0032) (0.0345) 
Exp. -0.0057 0.2697*** 0.6986*** 1.4302*** -13.1694*** 
 (0.0091) (0.0039) (0.0061) (0.0210) (0.2278) 
R2 0.00 0.18 0.16 0.08 0.06 
RMSE 0.00 0.00 0.00 0.01 0.10 
N 163,269 163,269 163,269 163,269 163,269 
 Notes:	 standard-errors	 in	 parenthesis;	 significance	 levels:	 *	 p<0.1;	 **	 p<0.05;	 ***	 p<0.01.	 All	 models	include	a	constant,	which	 is	not	 reported.	The	different	 regressions	were	 implemented	using	ordinary	least	squares	(OLS).	TE’s	are	defined	in	section	6.1.	
 
The results show that the highest R-Square is achieved for tracking error’s measures 
TE2, TE3, TE4 and TE5 with values of 18%, 16%, 8% and 6%, respectively. When we 
estimate the tracking error’s determinants using TE1 the R-Squared is almost 0%.   
From the analysis of Table 5 we conclude that all the independent variables are 
statistically significant at any level of significance for the measures of tracking error 
TE2, TE3, TE4 and TE5. For TE1 none of the explanatory variables is statistically 
relevant – henceforth we do not consider the results for this regression. 
Results for TE2 are in line with the results found in other studies, with the exception of 
dividend yield; i.e., we found, as expected, a negative effect of the size and a positive 
effect of volume, risk and expense ratio. Contrary to the expected results, dividend 
yields produces a negative impact in the dependent variable. 
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Results for TE3 are the same as the ones obtained for TE2.   
Analyzing the results for the regression using TE4 as the dependent variable, we see that 
size and dividend yield produce a negative effect in the tracking error of ETFs and the 
other variables a positive effect. 
Finally, regarding the last regression we conclude that size has a positive effect in the 
tracking error and the other variables produce a negative effect on it. 
Concluding, our analysis of the determinants of the tracking error of ETFs suggest that 
the variable size, measured by the market value of the ETF, is statistically significant 
for all the regressions (TE2 to TE5) and it has the expected sign: the higher the size the 
lower the tracking error. In what concerns the liquidity, measured by the volume, our 
results suggest that that determinant of the tracking error is always statistically 
significant for all the regressions (TE2 to TE5) and it has a positive effect on the tracking 
error: the higher the liquidity the higher the tracking error. The results for all the 
regressions show that the determinant expense ratio is statistically significant and it has 
the expected sign: the higher the expense ratio the higher the tracking error.  In what 
concerns the dividend yield, the results suggest that that explanatory variable is always 
statistically significant for all the regressions (TE2 to TE5) and it has the expected sign 
only in the last regression. Finally, the variable risk is statistically significant for all the 
regressions (TE2 to TE5) and, as expected, it has a positive effect in the tracking error all 
the analyzed regressions (2) to (5). With these results we can conclude that the 
explanatory variables size, expense ratio and risk have the expected effect in the 
dependent variable. The effect of the explanatory variable dividend yield was not 
conclusive, once it varies depending on the tracking error measure used as dependent 
variable.  
The estimates of the parameters of all explanatory variables have a different 
interpretation across the different regressions as the dependent variable in each model is 
not the same.  
We now focus in the interpretation of the relevant parameters. Looking to the role of the 
expensive ratio one concludes that, not only it is statistically significant, but also its 
magnitude is substantial. In order to discuss the magnitude of the effects, one needs to 
account for the statistical distribution of each explanatory variable – see Table 2. For 
example, the values of the expense ratio varies between 0,0005 and 0,0078, with a mean 
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of 0,0025, and a standard-error of 0,0012. Considering this information, one concludes 
from Table 5, column 2, that an increase in the expense ratio of 0,1 percentage points 
leads to an increase of  about 0,03 percentage points (0,001 x 0,2697 x 100) in the 
absolute difference in returns between the fund and the index, TE2. 
For TE3, we estimate that an increase of 0,1 percentage points in the expense ratio leads 
to an average increase of approximately 0,07 (0,001x0,6986x100) points in the standard 
deviation of TE2. 
The results in column 4 indicate that the same variation in the expense ratio leads, on 
average, to an increase of 0,14 (0,001x1,43x100) points in the standard-error of the key 
parameter, TE4. 
One should make a note on the large estimate for the parameter on expense ratio in 
column (5). TE5 is the R-square, which in the current analysis is bounded between 0,5 
and 1, as can be seen in Table 3. The estimate of -13,17 indicates that an increase in the 
expense ratio of 0,1 percentage points is associated with a decrease of 132 percentage 
points in TE5 (0,001x(-13,17)x100).  
On the other hand, an increase in the risk is associated with an increase in TE5; an 
increase 0,01 points in the standard-deviation of the lag return is, on average, associated 
with an increase of TE5 of about 0,006 percentage points (0,01x(-0,5601)). 
 
Regarding the second regression, equation (8), described in chapter 4, results are 
presented in Table 6. 
In order to control for changes in the tracking error of ETFs across week days and for 
the different state of the markets, this new regression includes, additionally, a set of 
dummies for the ‘week days’ and he ‘bull & bear’ periods. 
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Table 6 - Regression results of TE1, TE2, TE3, TE4 and TE5 for the period 1999-
2014 with the variables week days and bull & bear periods 
 TE 1, OLS TE 2, OLS TE 3, OLS TE 4, OLS TE 5, OLS 
Size 9.16e-10 -2.46e-08*** -4.95e-08*** -1.86e-07*** 1.55e-06*** 
 (1.24e-09) (5.05e-10) (8.31e-10) (2.86e-09) (3.11e-08) 
Dyield 19.6e-04* -4.06e-04*** -0.0005*** -0.0002*** -0.0025*** 
 (10.6e-04) (4.30e-06) (7.09e-06) (2.44e-04) (0.0003) 
Volume -5.45e-10 3.94e-09*** 1.32e-09*** 2.51e-08*** -1.72e-07*** 
 (4.84e-10) (1.97e-10) (3.25e-10) (1.12e-09) (1.22e-08) 
Risk -0.0028** 0.0628*** 0.0342*** 0.0338*** -0.3798*** 
 (0.0014) (0.0006) (0.0009) (0.0033) (0.0354) 
Exp. -0.0052 0.2835*** 0.7066*** 1.4453*** -13.2998*** 
 (0.0091) (0.0037) (0.0061) (0.0209) (0.2276) 
Tuesday -0.0002*** 2.81e-06 -1.85e-06 -1.81e-04 2.81e-04 
 (3.28e-04) (1.34e-04) (2.2e-04) (7.58e-04) (0.0008) 
Wednesday 0.0001*** 2.30e-06 -7.25e-06 -1.40e-04 -7.75e-04 
 (3.28e-04) (1.34e-04) (2.2e-04) (7.57e-04) (0.0008) 
Thursday -0.0002*** 9.55e-06 -4.82e-06 -1.67e-04 -3.86e-04 
 (3.3e-04) (1.34e-04) (2.2e-04) (7.61e-04) (0.0008) 
Friday -0.0002*** -1.78e-04 -1.62e-04 -3.40e-04 0.0003 
 (3.3e-04) (1.34e-04) (2.2e-04) (7.62e-04) (0.0008) 
Bear -0.0002** -0.0014*** -0.0008*** -0.0015*** 0.1326*** 
 (2.48e-04) (1.01e-04) (1.66e-04) (5.73e-04) (0.0006) 
R2 0.00 0.27 0.17 0.09 0.06 
RMSE 0.00 0.00 0.00 0.01 0.10 
N 163,269 163,269 163,269 163,269 163,269 
 	Notes:	 standard-errors	 in	 parenthesis;	 significance	 levels:	 *	 p<0.1;	 **	 p<0.05;	 ***	 p<0.01.	 All	 models	include	a	constant,	which	 is	not	 reported.	The	different	 regressions	were	 implemented	using	ordinary	least	squares	(OLS).	TE’s	are	defined	in	section	6.1.	
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Overall, the results presented in Table 6 are very similar to the ones presented in Table 
5. 
The analysis of Table 6 suggests that the inclusion of the control variables week days 
and bull & bear do not result in any structural change relative to the results shown in 
Table 5; sign, magnitude and statistical significance are in line with the previously 
discussed results.  
The main results, namely the ones provided in columns (2) to (5), indicate that week 
days are not relevant to explain the ETF tracking error’s determinants. We apply an 
overall significance test to the dummy variables representing the week days and we 
conclude that, except for regression (1), we do not reject the null hypothesis that the 
weeks days are irrelevant to explain the dependent variable. 
In what concerns the dummy variable for bull & bear periods (which assumes the value 
1 for a bear period, 0 otherwise) the results in Table 6 show that it is a relevant factor to 
explain ETFs’ tracking error, for all the regressions – see columns (1) to (5) – and 
produces a negative effect in the dependent variable, which means that bull periods are 
related with higher tracking errors of the ETFs. These results may be explained by the 
fact that in bull periods the risk is higher than in bear periods. Wong and Shum (2010), 
using a sample of 15 worldwide ETF, for the period 1999-2007, and using the R-
Squared as the measure of tracking error (TE5 in our regressions), found similar results.   
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7 Conclusion 
 
In this dissertation we test the tracking error of the ETFs and its main determinants. In 
our study we use a sample of 88 equity ETFs and 59 underlying indexes from the U.S. 
market, for the period 1996-2016. 
In what concerns to the tracking performance we applied five different estimation 
methods of tracking error, which is the difference between the return of the ETF and the 
return of the underlying index. If ETFs tracked their underlying indexes perfectly the 
tracking error would equal zero. 
Our first conclusion, after applying the five different estimation methods, was that ETFs 
do not perfectly mimic their underlying indexes, which means that their tracking error is 
different from zero. However, in our sample we achieved small values for the tracking 
error, which suggests a good performance of ETFs. The results from our sample show 
that the tracking performance of ETFs, although modestly, has improved over the 
analyzed period. 
In the second part of our study, we test the determinants of the tracking error. Our 
results show that the variables size, liquidity, dividend yield, risk, expense ratio and the 
bull & bear period are statistically significant at any level of significance for all the 
tracking error measures, except for the simple difference between the return of the ETF 
and the return of the index. We found that the variable size and the dummy variable 
bear produce a negative effect in the tracking error and the explanatory variables 
liquidity, risk and expense ratio produce a positive effect in the ETFs’ tracking error. In 
what concerns to the other statistically significant explanatory variable – dividend yield 
– we do not achieve consistent results because the sign of the parameters changes with 
the method used to estimate the tracking error. The study of the reasons why these 
differences in the signs occur can be an interesting subject for future investigation in 
this field.  
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9 Appendix  
9.1 Appendix A – Full Sample 	
ETF Ticker Obs. First Date Last Date Index Ticker 
@ONEQ 2972 28/09/04 18/07/16 NASCOMP 
@PRFZ 2224 18/09/07 18/07/16 FTR150$ 
@QQEW 2327 23/04/07 18/07/16 NA100EW 
@QQQ 4118 06/03/00 18/07/16 NASA100 
@QQXT 2123 12/02/08 18/07/16 NAS1EXT 
@VONE 1216 16/09/11 18/07/16 FRUSS1L 
@VONG 1216 16/09/11 18/07/16 FRUS1GR 
@VONV 1216 16/09/11 18/07/16 FRUS1VA 
@VTHR 1216 16/09/11 18/07/16 FRUSS3L 
@VTWG 1216 16/09/11 18/07/16 FRUS2GR 
@VTWO 1216 16/09/11 18/07/16 FRUSS2L 
@VTWV 1216 16/09/11 18/07/16 FRUS2VA 
U:DIA 4405 14/01/99 18/07/16 DJINDUS 
U:DSI 2182 15/11/07 18/07/16 MSKLD4L 
U:DVY 2945 04/11/04 18/07/16 DJSEDIV 
U:FDM 2468 27/09/06 18/07/16 DJSELMC 
U:IJH 3811 23/05/01 18/07/16 S&PMIDC 
U:IJJ 3768 25/07/01 18/07/16 SP04SVA 
U:IJK 3768 25/07/01 18/07/16 SP04SGR 
U:IJR 3811 23/05/01 18/07/16 S&P600I 
U:IJS 3768 25/07/01 18/07/16 SP06SVA 
U:IJT 3768 25/07/01 18/07/16 SP06SGR 
U:IUSG 3768 25/07/01 18/07/16 FRUS3GR 
U:IUSV 3768 25/07/01 18/07/16 FRUS3VA 
U:IVE 3811 23/05/01 18/07/16 SP05SVA 
U:IVOG 1225 02/09/11 18/07/16 SP04SGR 
U:IVOO 1225 02/09/11 18/07/16 S&PMIDC 
U:IVOV 1225 02/09/11 18/07/16 SP04SVA 
U:IVV 3816 16/05/01 18/07/16 S&PCOMP 
U:IVW 3811 23/05/01 18/07/16 SP05SGR 
U:IWB 3816 16/05/01 18/07/16 FRUSS1L 
U:IWD 3811 23/05/01 18/07/16 FRUS1VA 
U:IWF 3811 23/05/01 18/07/16 FRUS1GR 
U:IWL 1464 23/09/10 18/07/16 FRUS200 
U:IWM 3811 23/05/01 18/07/16 FRUSS2L 
U:IWN 3768 25/07/01 18/07/16 FRUS2VA 
U:IWO 3768 25/07/01 18/07/16 FRUS2GR 
U:IWP 3514 02/08/02 18/07/16 FRUSMIG 
U:IWR 3522 23/07/02 18/07/16 FRUSMID 
U:IWS 3520 25/07/02 18/07/16 FRUSMIV 
U:IWV 3811 23/05/01 18/07/16 FRUSS3L 
U:IWX 1464 23/09/10 18/07/16 FRUS20V 
U:IWY 1464 23/09/10 18/07/16 FRUS20G 
U:IYY 3797 13/06/01 18/07/16 WILDJ25 
U:KLD 1754 30/07/09 18/07/16 MSCKSEL 
U:MDY 4786 11/07/97 18/07/16 S&PMIDC 
U:MDYG 2435 13/11/06 18/07/16 SP04SGR 
U:MDYV 2436 10/11/06 18/07/16 SP04SVA 
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U:MTUM 570 14/04/14 18/07/16 MSMOUS$ 
U:OEF 3704 30/10/01 18/07/16 S&P100I 
U:ONEK 2435 13/11/06 18/07/16 FRUSS1L 
U:PBP 1908 17/12/08 18/07/16 CBOEBXM 
U:PRF 2413 14/12/06 18/07/16 FTR100$ 
U:QQQE 839 20/03/13 18/07/16 NA100EW 
U:RFG 2361 05/03/07 18/07/16 SP04PGR 
U:RFV 2361 05/03/07 18/07/16 SP04PVA 
U:RPG 2361 05/03/07 18/07/16 SP05PGR 
U:RPV 2361 05/03/07 18/07/16 SP05PVA 
U:RSP 3079 26/04/04 18/07/16 S&PEWEI 
U:RZG 2361 05/03/07 18/07/16 SP06PGR 
U:RZV 2361 05/03/07 18/07/16 SP06PVA 
U:SCHA 1438 29/10/10 18/07/16 WILDJSC 
U:SCHB 1438 29/10/10 18/07/16 WILDJ25 
U:SCHG 1411 08/12/10 18/07/16 WILDJLG 
U:SCHM 1137 10/01/12 18/07/16 WILDJMC 
U:SCHV 1411 08/12/10 18/07/16 WILDJLV 
U:SCHX 1438 29/10/10 18/07/16 WILDJLC 
U:SDY 2436 10/11/06 18/07/16 S&PHYDA 
U:SIZE 570 14/04/14 18/07/16 MSUSRW$ 
U:SLY 2435 13/11/06 18/07/16 S&P600I 
U:SLYG 3724 02/10/01 18/07/16 SP06SGR 
U:SLYV 3724 02/10/01 18/07/16 SP06SVA 
U:SPHB 1060 01/05/12 18/07/16 SP5HBIN 
U:SPLV 1060 01/05/12 18/07/16 SP5LVIN 
U:SPY 4786 11/07/97 18/07/16 S&PCOMP 
U:SPYG 3724 02/10/01 18/07/16 SP05SGR 
U:SPYV 3724 02/10/01 18/07/16 SP05SVA 
U:THRK 3717 11/10/01 18/07/16 FRUSS3L 
U:USMV 943 16/10/12 18/07/16 MSUSMV$ 
U:VIG 2325 25/04/07 18/07/16 NASUDAS 
U:VIOG 1225 02/09/11 18/07/16 SP06SGR 
U:VIOO 1225 02/09/11 18/07/16 S&P600I 
U:VIOV 1225 02/09/11 18/07/16 SP06SVA 
U:VLUE 570 14/04/14 18/07/16 MSUSEV$ 
U:VOO 1225 02/09/11 18/07/16 S&PCOMP 
U:VOOG 1225 02/09/11 18/07/16 SP05SGR 
U:VOOV 1225 02/09/11 18/07/16 SP05SVA 
U:WMCR 2223 19/09/07 18/07/16 WILMRCP 	
Notes: ETF and Index Tickers are the codes that identify the funds and the indexes in DataStream; Obs. stands for the 
number of observations in the sample for each ETF.   
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9.2 Appendix B – Returns of ETFs  	
ETF Ticker Mean SD Min P10 P25 P50 P75 Max 
@ONEQ 0.00045 0.01280 -0.07854 -0.01385 -0.00542 0.00106 0.00693 0.10546 
@PRFZ 0.00047 0.01700 -0.11327 -0.01792 -0.00743 0.00109 0.00883 0.09728 
@QQEW 0.00044 0.01430 -0.09010 -0.01579 -0.00612 0.00111 0.00769 0.12451 
@QQQ 0.00019 0.01803 -0.10396 -0.01936 -0.00733 0.00081 0.00790 0.16833 
@QQXT 0.00048 0.01419 -0.08888 -0.01456 -0.00579 0.00069 0.00735 0.09045 
@VONE 0.00060 0.00909 -0.04246 -0.01004 -0.00396 0.00090 0.00554 0.04162 
@VONG 0.00060 0.00916 -0.04601 -0.00989 -0.00415 0.00088 0.00551 0.03962 
@VONV 0.00059 0.00912 -0.04525 -0.00997 -0.00409 0.00079 0.00568 0.04616 
@VTHR 0.00059 0.00894 -0.03944 -0.01020 -0.00352 0.00062 0.00547 0.04374 
@VTWG 0.00057 0.01235 -0.05312 -0.01536 -0.00627 0.00096 0.00768 0.05574 
@VTWO 0.00056 0.01174 -0.05255 -0.01411 -0.00607 0.00112 0.00750 0.06519 
@VTWV 0.00054 0.01065 -0.04533 -0.01259 -0.00510 0.00032 0.00646 0.06049 
U:DIA 0.00031 0.01187 -0.09394 -0.01232 -0.00512 0.00061 0.00590 0.13557 
U:DSI 0.00034 0.01319 -0.08564 -0.01314 -0.00505 0.00054 0.00586 0.10241 
U:DVY 0.00035 0.01243 -0.11433 -0.01139 -0.00465 0.00059 0.00563 0.10026 
U:FDM 0.00038 0.01688 -0.11158 -0.01779 -0.00751 0.00072 0.00844 0.10711 
U:IJH 0.00041 0.01351 -0.10432 -0.01449 -0.00609 0.00102 0.00733 0.10634 
U:IJJ 0.00046 0.01376 -0.11409 -0.01419 -0.00594 0.00098 0.00717 0.11052 
U:IJK 0.00043 0.01358 -0.09809 -0.01476 -0.00620 0.00100 0.00750 0.08620 
U:IJR 0.00044 0.01452 -0.10550 -0.01585 -0.00710 0.00100 0.00826 0.08402 
U:IJS 0.00046 0.01522 -0.12399 -0.01650 -0.00746 0.00094 0.00843 0.08820 
U:IJT 0.00047 0.01417 -0.10350 -0.01572 -0.00691 0.00090 0.00829 0.08921 
U:IUSG 0.00031 0.01233 -0.09162 -0.01339 -0.00539 0.00084 0.00617 0.09973 
U:IUSV 0.00034 0.01282 -0.09611 -0.01289 -0.00498 0.00074 0.00600 0.10118 
U:IVE 0.00027 0.01295 -0.09281 -0.01345 -0.00527 0.00077 0.00604 0.10709 
U:IVOG 0.00057 0.01085 -0.05751 -0.01195 -0.00487 0.00105 0.00640 0.06224 
U:IVOO 0.00059 0.01070 -0.05794 -0.01204 -0.00480 0.00093 0.00648 0.04834 
U:IVOV 0.00061 0.01060 -0.05349 -0.01139 -0.00385 0.00015 0.00587 0.06057 
U:IVV 0.00030 0.01222 -0.09156 -0.01258 -0.00497 0.00074 0.00593 0.11097 
U:IVW 0.00029 0.01183 -0.09256 -0.01287 -0.00485 0.00069 0.00586 0.10592 
U:IWB 0.00030 0.01220 -0.09378 -0.01292 -0.00493 0.00074 0.00586 0.11371 
U:IWD 0.00032 0.01275 -0.09168 -0.01329 -0.00479 0.00071 0.00613 0.12829 
U:IWF 0.00026 0.01223 -0.08629 -0.01356 -0.00526 0.00071 0.00605 0.12312 
U:IWL 0.00056 0.00922 -0.06463 -0.00972 -0.00367 0.00063 0.00510 0.04925 
U:IWM 0.00039 0.01525 -0.11234 -0.01690 -0.00754 0.00103 0.00879 0.08633 
U:IWN 0.00043 0.01530 -0.12643 -0.01619 -0.00718 0.00105 0.00838 0.09485 
U:IWO 0.00039 0.01564 -0.10226 -0.01828 -0.00788 0.00095 0.00911 0.10940 
U:IWP 0.00051 0.01343 -0.10534 -0.01412 -0.00551 0.00110 0.00710 0.10179 
U:IWR 0.00052 0.01306 -0.09419 -0.01356 -0.00517 0.00111 0.00670 0.10985 
U:IWS 0.00052 0.01322 -0.09828 -0.01358 -0.00503 0.00105 0.00668 0.08813 
U:IWV 0.00030 0.01235 -0.09067 -0.01303 -0.00500 0.00075 0.00604 0.10428 
U:IWX 0.00051 0.00969 -0.06724 -0.01039 -0.00413 0.00074 0.00562 0.04504 
U:IWY 0.00060 0.00945 -0.05820 -0.01036 -0.00386 0.00073 0.00554 0.04394 
U:IYY 0.00030 0.01219 -0.09382 -0.01267 -0.00493 0.00068 0.00589 0.10051 
U:KLD 0.00053 0.00969 -0.06373 -0.01069 -0.00424 0.00095 0.00557 0.05111 
U:MDY 0.00048 0.01408 -0.11656 -0.01522 -0.00644 0.00100 0.00776 0.12002 
U:MDYG 0.00047 0.01467 -0.11228 -0.01492 -0.00591 0.00109 0.00747 0.10115 
U:MDYV 0.00037 0.01402 -0.07419 -0.01419 -0.00528 0.00028 0.00687 0.14029 
U:MTUM 0.00062 0.00933 -0.03957 -0.01100 -0.00434 0.00096 0.00594 0.03966 
U:OEF 0.00029 0.01209 -0.08838 -0.01263 -0.00478 0.00068 0.00568 0.11621 
U:ONEK 0.00035 0.01215 -0.10387 -0.01206 -0.00409 0.00000 0.00543 0.07071 
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U:PBP 0.00035 0.00800 -0.06789 -0.00730 -0.00203 0.00050 0.00344 0.04868 
U:PRF 0.00037 0.01421 -0.09280 -0.01454 -0.00532 0.00084 0.00665 0.11318 
U:QQQE 0.00061 0.00980 -0.04150 -0.01124 -0.00410 0.00123 0.00604 0.03245 
U:RFG 0.00051 0.01539 -0.13413 -0.01630 -0.00653 0.00091 0.00801 0.09148 
U:RFV 0.00040 0.01770 -0.12934 -0.01821 -0.00743 0.00088 0.00840 0.10792 
U:RPG 0.00049 0.01436 -0.09134 -0.01517 -0.00574 0.00080 0.00746 0.12250 
U:RPV 0.00043 0.01779 -0.11676 -0.01776 -0.00689 0.00100 0.00856 0.11997 
U:RSP 0.00042 0.01340 -0.09072 -0.01326 -0.00505 0.00091 0.00639 0.11968 
U:RZG 0.00046 0.01523 -0.08544 -0.01707 -0.00700 0.00062 0.00876 0.09053 
U:RZV 0.00043 0.02084 -0.13083 -0.02174 -0.00943 0.00076 0.00998 0.10760 
U:SCHA 0.00055 0.01211 -0.08687 -0.01438 -0.00534 0.00123 0.00732 0.06488 
U:SCHB 0.00054 0.00984 -0.06854 -0.01094 -0.00391 0.00079 0.00553 0.05019 
U:SCHG 0.00053 0.01024 -0.06785 -0.01130 -0.00410 0.00092 0.00592 0.04791 
U:SCHM 0.00060 0.00916 -0.03828 -0.01097 -0.00448 0.00093 0.00609 0.02898 
U:SCHV 0.00051 0.00928 -0.06208 -0.00968 -0.00384 0.00064 0.00552 0.04649 
U:SCHX 0.00054 0.00964 -0.06619 -0.01066 -0.00382 0.00077 0.00546 0.04705 
U:SDY 0.00040 0.01353 -0.10790 -0.01312 -0.00503 0.00073 0.00614 0.11275 
U:SIZE 0.00043 0.00834 -0.04573 -0.00958 -0.00308 0.00000 0.00434 0.03111 
U:SLY 0.00049 0.01829 -0.19447 -0.01689 -0.00688 0.00095 0.00814 0.43121 
U:SLYG 0.00049 0.01482 -0.09479 -0.01639 -0.00685 0.00095 0.00835 0.14142 
U:SLYV 0.00052 0.01421 -0.10372 -0.01506 -0.00638 0.00104 0.00768 0.10804 
U:SPHB 0.00049 0.01324 -0.06576 -0.01583 -0.00643 0.00084 0.00861 0.04496 
U:SPLV 0.00057 0.00733 -0.05287 -0.00815 -0.00334 0.00060 0.00479 0.04866 
U:SPY 0.00033 0.01269 -0.09843 -0.01354 -0.00554 0.00066 0.00633 0.14521 
U:SPYG 0.00035 0.01254 -0.10249 -0.01301 -0.00510 0.00063 0.00623 0.11903 
U:SPYV 0.00032 0.01227 -0.09694 -0.01220 -0.00460 0.00066 0.00582 0.10498 
U:THRK 0.00035 0.01271 -0.08932 -0.01224 -0.00486 0.00067 0.00590 0.24577 
U:USMV 0.00059 0.00686 -0.03751 -0.00766 -0.00289 0.00068 0.00443 0.03032 
U:VIG 0.00034 0.01169 -0.08336 -0.01225 -0.00454 0.00066 0.00565 0.09757 
U:VIOG 0.00063 0.01098 -0.05297 -0.01337 -0.00533 0.00057 0.00705 0.05109 
U:VIOO 0.00064 0.01122 -0.04330 -0.01315 -0.00523 0.00091 0.00727 0.05945 
U:VIOV 0.00065 0.01147 -0.04666 -0.01310 -0.00548 0.00051 0.00677 0.06049 
U:VLUE 0.00028 0.00949 -0.04155 -0.01090 -0.00457 0.00044 0.00540 0.03791 
U:VOO 0.00061 0.00917 -0.04078 -0.01038 -0.00367 0.00068 0.00556 0.04096 
U:VOOG 0.00061 0.00907 -0.03606 -0.01032 -0.00377 0.00078 0.00546 0.04311 
U:VOOV 0.00058 0.00925 -0.05397 -0.01032 -0.00418 0.00083 0.00570 0.03939 
U:WMCR 0.00021 0.01623 -0.12925 -0.01560 -0.00670 0.00014 0.00742 0.15198 
Total 0.00042 0.01334 -0.19447 -0.01399 -0.00543 0.00079 0.00671 0.43121 
 
Notes: ETF Ticker is the code that identifies the funds and the indexes in DataStream; SD stands for standard 
deviation, Min for the minimum value and Max for the maximum value; P10, P25, P50 and P75 stand for, 
respectively, percentiles 10, 25, 50 and 75.  
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9.3 Appendix C – Returns of Indexes 	
Index Ticker Mean SD Min P10 P25 P50 P75 Max 
CBOEBXM 0.00039 0.00781 -0.06634 -0.00697 -0.00150 0.00051 0.00308 0.05996 
DJINDUS 0.00022 0.01170 -0.07873 -0.01239 -0.00513 0.00044 0.00580 0.11080 
DJSEDIV 0.00022 0.01289 -0.11742 -0.01167 -0.00482 0.00056 0.00561 0.10349 
DJSELMC 0.00036 0.01756 -0.11502 -0.01867 -0.00796 0.00094 0.00878 0.09302 
FRUS1GR 0.00029 0.01166 -0.09071 -0.01279 -0.00489 0.00062 0.00581 0.12059 
FRUS1VA 0.00029 0.01217 -0.09740 -0.01262 -0.00474 0.00067 0.00590 0.11272 
FRUS200 0.00048 0.00953 -0.06419 -0.01038 -0.00373 0.00054 0.00532 0.04583 
FRUS20G 0.00054 0.00948 -0.05891 -0.00997 -0.00384 0.00056 0.00548 0.04384 
FRUS20V 0.00043 0.00991 -0.06955 -0.01072 -0.00415 0.00059 0.00566 0.05043 
FRUS2GR 0.00041 0.01502 -0.10672 -0.01772 -0.00733 0.00091 0.00873 0.10136 
FRUS2VA 0.00039 0.01466 -0.12910 -0.01567 -0.00704 0.00084 0.00803 0.09124 
FRUS3GR 0.00027 0.01247 -0.09129 -0.01366 -0.00534 0.00070 0.00608 0.11911 
FRUS3VA 0.00025 0.01309 -0.09988 -0.01353 -0.00516 0.00066 0.00616 0.11028 
FRUSMID 0.00047 0.01339 -0.10024 -0.01388 -0.00525 0.00102 0.00673 0.11232 
FRUSMIG 0.00048 0.01361 -0.10695 -0.01421 -0.00557 0.00110 0.00715 0.12418 
FRUSMIV 0.00044 0.01343 -0.10350 -0.01335 -0.00510 0.00103 0.00663 0.10046 
FRUSS1L 0.00030 0.01231 -0.09115 -0.01291 -0.00474 0.00065 0.00585 0.11672 
FRUSS2L 0.00038 0.01467 -0.11849 -0.01643 -0.00711 0.00088 0.00838 0.09265 
FRUSS3L 0.00029 0.01217 -0.09281 -0.01290 -0.00496 0.00069 0.00590 0.11475 
FTR100$ 0.00031 0.01458 -0.09551 -0.01460 -0.00512 0.00074 0.00658 0.10927 
FTR150$ 0.00043 0.01761 -0.11622 -0.01833 -0.00781 0.00100 0.00892 0.09449 
MSCKSEL 0.00047 0.00999 -0.06575 -0.01115 -0.00406 0.00073 0.00569 0.04715 
MSKLD4L 0.00028 0.01361 -0.08929 -0.01410 -0.00502 0.00059 0.00618 0.10938 
MSMOUS$ 0.00057 0.00943 -0.03634 -0.01097 -0.00441 0.00086 0.00598 0.04123 
MSUSEV$ 0.00021 0.00980 -0.04157 -0.01200 -0.00468 0.00067 0.00577 0.03630 
MSUSMV$ 0.00050 0.00691 -0.03848 -0.00793 -0.00301 0.00061 0.00435 0.03117 
MSUSRW$ 0.00037 0.00833 -0.03974 -0.00919 -0.00395 0.00048 0.00468 0.02993 
NA100EW 0.00047 0.01383 -0.09619 -0.01495 -0.00555 0.00109 0.00728 0.11980 
NAS1EXT 0.00047 0.01494 -0.10008 -0.01535 -0.00572 0.00096 0.00743 0.11623 
NASA100 0.00018 0.01851 -0.10519 -0.02022 -0.00765 0.00074 0.00800 0.18771 
NASCOMP 0.00043 0.01333 -0.09142 -0.01410 -0.00543 0.00096 0.00677 0.11806 
NASUDAS 0.00025 0.01189 -0.08961 -0.01222 -0.00455 0.00041 0.00552 0.10302 
S&P100I 0.00022 0.01217 -0.08777 -0.01278 -0.00488 0.00054 0.00567 0.11243 
S&P600I 0.00043 0.01468 -0.10971 -0.01582 -0.00702 0.00088 0.00816 0.08454 
S&PCOMP 0.00028 0.01211 -0.09035 -0.01299 -0.00509 0.00059 0.00594 0.11580 
S&PEWEI 0.00037 0.01353 -0.09647 -0.01314 -0.00501 0.00089 0.00632 0.11326 
S&PHYDA 0.00028 0.01396 -0.10697 -0.01331 -0.00521 0.00056 0.00609 0.10808 
S&PMIDC 0.00042 0.01328 -0.10887 -0.01426 -0.00605 0.00091 0.00735 0.10476 
SP04PGR 0.00050 0.01575 -0.09442 -0.01724 -0.00683 0.00112 0.00838 0.09375 
SP04PVA 0.00035 0.01854 -0.12404 -0.01872 -0.00770 0.00086 0.00869 0.11172 
SP04SGR 0.00043 0.01357 -0.09959 -0.01453 -0.00596 0.00100 0.00731 0.10862 
SP04SVA 0.00040 0.01392 -0.11706 -0.01428 -0.00605 0.00092 0.00707 0.10134 
SP05PGR 0.00048 0.01508 -0.10022 -0.01568 -0.00574 0.00091 0.00758 0.11720 
SP05PVA 0.00037 0.01855 -0.11501 -0.01861 -0.00705 0.00107 0.00843 0.11426 
SP05SGR 0.00030 0.01169 -0.09538 -0.01272 -0.00475 0.00062 0.00575 0.12828 
SP05SVA 0.00026 0.01273 -0.09773 -0.01307 -0.00511 0.00064 0.00603 0.11143 
SP06PGR 0.00047 0.01636 -0.09730 -0.01752 -0.00774 0.00078 0.00899 0.08434 
SP06PVA 0.00040 0.02156 -0.13227 -0.02231 -0.01014 0.00092 0.01039 0.11486 
SP06SGR 0.00049 0.01386 -0.09735 -0.01552 -0.00671 0.00087 0.00818 0.08391 
SP06SVA 0.00046 0.01491 -0.12044 -0.01605 -0.00720 0.00078 0.00822 0.08865 
SP5HBIN 0.00045 0.01326 -0.06646 -0.01559 -0.00647 0.00075 0.00857 0.04438 
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SP5LVIN 0.00046 0.00689 -0.03885 -0.00792 -0.00310 0.00056 0.00449 0.02957 
WILDJ25 0.00031 0.01185 -0.09189 -0.01271 -0.00472 0.00068 0.00580 0.11415 
WILDJLC 0.00047 0.00976 -0.06791 -0.01089 -0.00397 0.00055 0.00529 0.04881 
WILDJLG 0.00049 0.01040 -0.07024 -0.01143 -0.00423 0.00078 0.00587 0.05182 
WILDJLV 0.00041 0.00939 -0.06567 -0.01025 -0.00406 0.00061 0.00547 0.04593 
WILDJMC 0.00054 0.00921 -0.03898 -0.01091 -0.00426 0.00102 0.00597 0.02864 
WILDJSC 0.00050 0.01237 -0.08853 -0.01449 -0.00552 0.00124 0.00736 0.06720 
WILMRCP 0.00025 0.01422 -0.08849 -0.01602 -0.00685 0.00115 0.00767 0.08119 
Total 0.00037 0.01354 -0.13227 -0.01427 -0.00558 0.00075 0.00676 0.18771 
 
Notes: ETF Ticker is the code that identifies the funds and the indexes in DataStream; SD stands for standard 
deviation, Min for the minimum value and Max for the maximum value; P10, P25, P50 and P75 stand for, 
respectively, percentiles 10, 25, 50 and 75.  
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9.4 Appendix D – Tracking Error 1 	
ETF Ticker Mean SD Min P10 P25 P50 P75 Max 
@ONEQ 0.00003 0.00269 -0.05426 -0.00219 -0.00101 0.00007 0.00104 0.04436 
@PRFZ 0.00004 0.00230 -0.03337 -0.00186 -0.00081 0.00004 0.00090 0.03192 
@QQEW 0.00000 0.00389 -0.04941 -0.00202 -0.00077 0.00001 0.00085 0.05538 
@QQQ 0.00001 0.00373 -0.04198 -0.00238 -0.00065 0.00001 0.00068 0.06703 
@QQXT 0.00000 0.00554 -0.06745 -0.00314 -0.00130 0.00006 0.00129 0.06589 
@VONE 0.00008 0.00180 -0.01371 -0.00158 -0.00059 0.00003 0.00083 0.01166 
@VONG 0.00006 0.00226 -0.02079 -0.00176 -0.00072 0.00003 0.00082 0.02429 
@VONV 0.00009 0.00250 -0.02075 -0.00181 -0.00065 0.00008 0.00085 0.02244 
@VTHR 0.00007 0.00403 -0.02019 -0.00397 -0.00129 0.00013 0.00150 0.02797 
@VTWG 0.00002 0.00295 -0.01524 -0.00296 -0.00110 0.00003 0.00117 0.02117 
@VTWO 0.00006 0.00296 -0.04747 -0.00144 -0.00059 0.00009 0.00065 0.05058 
@VTWV 0.00008 0.00681 -0.06553 -0.00490 -0.00186 0.00008 0.00195 0.07529 
U:DIA 0.00009 0.00215 -0.02272 -0.00191 -0.00060 0.00009 0.00078 0.02813 
U:DSI 0.00005 0.00595 -0.10940 -0.00342 -0.00111 0.00007 0.00124 0.07600 
U:DVY 0.00013 0.00166 -0.03581 -0.00100 -0.00034 0.00015 0.00062 0.01797 
U:FDM 0.00002 0.00664 -0.08087 -0.00429 -0.00176 0.00003 0.00179 0.09291 
U:IJH 0.00005 0.00181 -0.01452 -0.00188 -0.00068 0.00007 0.00081 0.01558 
U:IJJ 0.00007 0.00166 -0.01701 -0.00159 -0.00053 0.00008 0.00068 0.01630 
U:IJK 0.00002 0.00161 -0.02243 -0.00153 -0.00053 0.00003 0.00059 0.01922 
U:IJR 0.00004 0.00213 -0.01300 -0.00230 -0.00089 0.00005 0.00097 0.01659 
U:IJS 0.00005 0.00200 -0.01230 -0.00207 -0.00078 0.00008 0.00092 0.01327 
U:IJT 0.00002 0.00199 -0.01055 -0.00203 -0.00076 0.00003 0.00077 0.01775 
U:IUSG 0.00005 0.00291 -0.02194 -0.00218 -0.00077 0.00008 0.00085 0.02942 
U:IUSV 0.00009 0.00238 -0.02756 -0.00174 -0.00067 0.00009 0.00088 0.02576 
U:IVE 0.00009 0.00162 -0.02688 -0.00142 -0.00049 0.00011 0.00067 0.02644 
U:IVOG 0.00004 0.00332 -0.04211 -0.00186 -0.00072 0.00001 0.00076 0.04213 
U:IVOO 0.00006 0.00288 -0.02986 -0.00152 -0.00055 0.00006 0.00065 0.02956 
U:IVOV 0.00007 0.00587 -0.06066 -0.00384 -0.00113 0.00015 0.00132 0.04299 
U:IVV 0.00007 0.00162 -0.01435 -0.00151 -0.00054 0.00008 0.00072 0.01361 
U:IVW 0.00005 0.00174 -0.03590 -0.00142 -0.00051 0.00005 0.00060 0.02529 
U:IWB 0.00007 0.00160 -0.01838 -0.00137 -0.00048 0.00010 0.00064 0.01799 
U:IWD 0.00009 0.00189 -0.02908 -0.00158 -0.00052 0.00011 0.00073 0.02424 
U:IWF 0.00005 0.00203 -0.01474 -0.00194 -0.00062 0.00007 0.00074 0.01712 
U:IWL 0.00008 0.00360 -0.03369 -0.00332 -0.00121 0.00011 0.00147 0.03412 
U:IWM 0.00005 0.00247 -0.01992 -0.00255 -0.00099 0.00004 0.00108 0.01919 
U:IWN 0.00007 0.00233 -0.01587 -0.00233 -0.00094 0.00005 0.00107 0.02304 
U:IWO 0.00002 0.00278 -0.03462 -0.00272 -0.00099 0.00005 0.00103 0.02828 
U:IWP 0.00003 0.00225 -0.04549 -0.00149 -0.00050 0.00003 0.00058 0.03251 
U:IWR 0.00005 0.00187 -0.02464 -0.00145 -0.00050 0.00006 0.00061 0.02063 
U:IWS 0.00008 0.00180 -0.02609 -0.00131 -0.00048 0.00008 0.00064 0.01733 
U:IWV 0.00007 0.00143 -0.01234 -0.00133 -0.00050 0.00007 0.00062 0.01352 
U:IWX 0.00009 0.00228 -0.01317 -0.00229 -0.00095 0.00013 0.00123 0.01176 
U:IWY 0.00006 0.00133 -0.01044 -0.00132 -0.00062 0.00007 0.00074 0.00884 
U:IYY 0.00006 0.00187 -0.02198 -0.00154 -0.00063 0.00006 0.00080 0.01614 
U:KLD 0.00006 0.00246 -0.01550 -0.00231 -0.00099 0.00006 0.00107 0.02311 
U:MDY 0.00005 0.00297 -0.02254 -0.00287 -0.00102 0.00004 0.00108 0.02640 
U:MDYG 0.00003 0.00517 -0.04812 -0.00412 -0.00158 0.00003 0.00172 0.05595 
U:MDYV 0.00003 0.00968 -0.07532 -0.00694 -0.00228 0.00005 0.00238 0.07802 
U:MTUM 0.00004 0.00090 -0.00454 -0.00097 -0.00037 0.00004 0.00050 0.00393 
U:OEF 0.00007 0.00210 -0.03595 -0.00155 -0.00050 0.00011 0.00065 0.02840 
U:ONEK 0.00006 0.00743 -0.06468 -0.00626 -0.00259 0.00009 0.00281 0.05390 
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U:PBP -0.00004 0.00315 -0.03240 -0.00281 -0.00127 
-
0.00007 0.00121 0.03208 
U:PRF 0.00007 0.00144 -0.02364 -0.00109 -0.00040 0.00008 0.00056 0.01473 
U:QQQE 0.00003 0.00238 -0.01256 -0.00224 -0.00093 0.00002 0.00105 0.01121 
U:RFG 0.00001 0.00435 -0.06175 -0.00163 -0.00066 0.00002 0.00067 0.06236 
U:RFV 0.00005 0.00839 -0.09036 -0.00408 -0.00151 0.00006 0.00160 0.07436 
U:RPG 0.00001 0.00563 -0.08044 -0.00174 -0.00053 0.00004 0.00058 0.07260 
U:RPV 0.00006 0.00584 -0.06532 -0.00230 -0.00062 0.00009 0.00082 0.07170 
U:RSP 0.00005 0.00166 -0.02546 -0.00108 -0.00039 0.00007 0.00051 0.02507 
U:RZG -0.00001 0.00817 -0.08403 -0.00558 -0.00179 0.00001 0.00179 0.05878 
U:RZV 0.00003 0.00653 -0.05256 -0.00354 -0.00150 0.00004 0.00156 0.06882 
U:SCHA 0.00005 0.00087 -0.00944 -0.00093 -0.00041 0.00007 0.00051 0.00909 
U:SCHB 0.00007 0.00056 -0.00485 -0.00055 -0.00024 0.00008 0.00042 0.00245 
U:SCHG 0.00004 0.00077 -0.01022 -0.00072 -0.00032 0.00005 0.00044 0.00943 
U:SCHM 0.00006 0.00134 -0.02859 -0.00063 -0.00027 0.00006 0.00038 0.02821 
U:SCHV 0.00010 0.00083 -0.00710 -0.00069 -0.00024 0.00012 0.00048 0.00754 
U:SCHX 0.00007 0.00054 -0.00523 -0.00053 -0.00025 0.00009 0.00040 0.00318 
U:SDY 0.00013 0.00209 -0.04190 -0.00091 -0.00029 0.00010 0.00052 0.04504 
U:SIZE 0.00006 0.00526 -0.02676 -0.00496 -0.00211 0.00007 0.00217 0.03197 
U:SLY 0.00010 0.01099 -0.22835 -0.00429 -0.00179 0.00011 0.00195 0.36976 
U:SLYG -0.00000 0.00552 -0.06877 -0.00513 -0.00195 0.00009 0.00204 0.05751 
U:SLYV 0.00006 0.00528 -0.04780 -0.00486 -0.00197 0.00008 0.00208 0.05586 
U:SPHB 0.00004 0.00109 -0.00988 -0.00102 -0.00043 0.00004 0.00056 0.00845 
U:SPLV 0.00010 0.00103 -0.01402 -0.00080 -0.00037 0.00009 0.00060 0.01910 
U:SPY 0.00007 0.00251 -0.02891 -0.00224 -0.00066 0.00007 0.00081 0.03099 
U:SPYG 0.00005 0.00488 -0.04430 -0.00354 -0.00130 0.00006 0.00145 0.04325 
U:SPYV 0.00007 0.00471 -0.04309 -0.00398 -0.00155 0.00005 0.00174 0.05167 
U:THRK 0.00006 0.00634 -0.17922 -0.00323 -0.00139 0.00006 0.00149 0.25320 
U:USMV 0.00009 0.00052 -0.00170 -0.00054 -0.00020 0.00009 0.00040 0.00182 
U:VIG 0.00009 0.00356 -0.06563 -0.00077 -0.00026 0.00009 0.00044 0.07564 
U:VIOG 0.00003 0.00484 -0.03709 -0.00435 -0.00139 0.00014 0.00160 0.03183 
U:VIOO 0.00004 0.00354 -0.02836 -0.00248 -0.00083 0.00006 0.00092 0.02077 
U:VIOV 0.00005 0.00587 -0.04489 -0.00453 -0.00178 0.00008 0.00167 0.04130 
U:VLUE 0.00007 0.00375 -0.02699 -0.00350 -0.00125 0.00008 0.00152 0.02218 
U:VOO 0.00008 0.00060 -0.00521 -0.00057 -0.00024 0.00010 0.00043 0.00527 
U:VOOG 0.00006 0.00197 -0.01712 -0.00156 -0.00066 0.00004 0.00077 0.01949 
U:VOOV 0.00009 0.00271 -0.02217 -0.00198 -0.00081 0.00008 0.00099 0.01841 
U:WMCR -0.00004 0.01123 -0.09932 -0.00894 -0.00381 
-
0.00003 0.00379 0.10039 
Total 0.00005 0.00396 -0.22835 -0.00229 -0.00075 0.00007 0.00087 0.36976 
 
Notes: ETF Ticker is the code that identifies the funds and the indexes in DataStream; SD stands for standard 
deviation, Min for the minimum value and Max for the maximum value; P10, P25, P50 and P75 stand for, 
respectively, percentiles 10, 25, 50 and 75.  
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9.5 Appendix E – Tracking Error 2 	
ETF Ticker Mean SD Min P10 P25 P50 P75 Max 
@ONEQ 0.00153 0.00068 0.00078 0.00093 0.00116 0.00135 0.00163 0.00405 
@PRFZ 0.00142 0.00063 0.00060 0.00081 0.00097 0.00117 0.00175 0.00309 
@QQEW 0.00179 0.00154 0.00054 0.00058 0.00074 0.00114 0.00211 0.00627 
@QQQ 0.00192 0.00201 0.00038 0.00041 0.00043 0.00097 0.00232 0.00736 
@QQXT 0.00310 0.00274 0.00099 0.00110 0.00126 0.00183 0.00307 0.00984 
@VONE 0.00127 0.00043 0.00077 0.00083 0.00087 0.00110 0.00170 0.00218 
@VONG 0.00144 0.00067 0.00072 0.00080 0.00090 0.00101 0.00214 0.00289 
@VONV 0.00157 0.00076 0.00080 0.00088 0.00090 0.00106 0.00242 0.00292 
@VTHR 0.00263 0.00059 0.00182 0.00199 0.00213 0.00234 0.00317 0.00373 
@VTWG 0.00206 0.00074 0.00099 0.00127 0.00145 0.00181 0.00265 0.00345 
@VTWO 0.00130 0.00073 0.00053 0.00063 0.00075 0.00094 0.00175 0.00294 
@VTWV 0.00391 0.00254 0.00184 0.00200 0.00210 0.00232 0.00516 0.00971 
U-DIA 0.00133 0.00084 0.00030 0.00037 0.00048 0.00110 0.00215 0.00301 
U-DSI 0.00294 0.00249 0.00075 0.00082 0.00103 0.00175 0.00394 0.00935 
U-DVY 0.00088 0.00065 0.00031 0.00037 0.00043 0.00064 0.00101 0.00270 
U-FDM 0.00326 0.00208 0.00144 0.00180 0.00197 0.00256 0.00323 0.00949 
U-IJH 0.00126 0.00061 0.00039 0.00046 0.00056 0.00143 0.00171 0.00257 
U-IJJ 0.00112 0.00063 0.00033 0.00037 0.00045 0.00123 0.00165 0.00248 
U-IJK 0.00110 0.00072 0.00027 0.00033 0.00038 0.00120 0.00149 0.00393 
U-IJR 0.00154 0.00078 0.00041 0.00047 0.00090 0.00158 0.00216 0.00366 
U-IJS 0.00145 0.00082 0.00044 0.00050 0.00070 0.00141 0.00196 0.00403 
U-IJT 0.00142 0.00092 0.00039 0.00045 0.00063 0.00130 0.00212 0.00575 
U-IUSG 0.00186 0.00181 0.00050 0.00064 0.00069 0.00115 0.00206 0.00954 
U-IUSV 0.00145 0.00098 0.00052 0.00070 0.00081 0.00097 0.00172 0.00381 
U-IVE 0.00104 0.00061 0.00032 0.00036 0.00046 0.00100 0.00156 0.00239 
U-IVOG 0.00173 0.00123 0.00070 0.00082 0.00088 0.00112 0.00214 0.00431 
U-IVOO 0.00153 0.00117 0.00054 0.00059 0.00068 0.00102 0.00180 0.00405 
U-IVOV 0.00376 0.00295 0.00090 0.00111 0.00137 0.00192 0.00648 0.00926 
U-IVV 0.00111 0.00062 0.00031 0.00038 0.00054 0.00113 0.00149 0.00260 
U-IVW 0.00109 0.00070 0.00032 0.00037 0.00043 0.00100 0.00161 0.00333 
U-IWB 0.00106 0.00068 0.00033 0.00035 0.00049 0.00096 0.00145 0.00356 
U-IWD 0.00115 0.00069 0.00033 0.00040 0.00049 0.00112 0.00167 0.00281 
U-IWF 0.00137 0.00091 0.00029 0.00038 0.00050 0.00128 0.00206 0.00428 
U-IWL 0.00258 0.00138 0.00135 0.00150 0.00163 0.00185 0.00325 0.00609 
U-IWM 0.00175 0.00090 0.00054 0.00060 0.00082 0.00192 0.00240 0.00405 
U-IWN 0.00162 0.00079 0.00055 0.00060 0.00092 0.00167 0.00227 0.00364 
U-IWO 0.00186 0.00113 0.00052 0.00061 0.00079 0.00187 0.00255 0.00431 
U-IWP 0.00124 0.00105 0.00029 0.00033 0.00041 0.00103 0.00146 0.00566 
U-IWR 0.00118 0.00096 0.00032 0.00038 0.00042 0.00101 0.00140 0.00556 
U-IWS 0.00109 0.00075 0.00028 0.00037 0.00048 0.00093 0.00127 0.00303 
U-IWV 0.00100 0.00061 0.00028 0.00034 0.00047 0.00096 0.00130 0.00361 
U-IWX 0.00174 0.00063 0.00112 0.00121 0.00134 0.00171 0.00190 0.00504 
U-IWY 0.00107 0.00038 0.00071 0.00080 0.00084 0.00093 0.00113 0.00281 
U-IYY 0.00121 0.00073 0.00050 0.00057 0.00064 0.00093 0.00139 0.00304 
U-KLD 0.00165 0.00060 0.00095 0.00109 0.00115 0.00148 0.00189 0.00311 
U-MDY 0.00192 0.00111 0.00038 0.00050 0.00072 0.00184 0.00275 0.00416 
U-MDYG 0.00314 0.00162 0.00130 0.00151 0.00187 0.00283 0.00401 0.00720 
U-MDYV 0.00537 0.00379 0.00123 0.00147 0.00184 0.00467 0.00701 0.01598 
U-MTUM 0.00082 0.00024 0.00051 0.00058 0.00070 0.00075 0.00094 0.00166 
U-OEF 0.00127 0.00097 0.00036 0.00039 0.00044 0.00116 0.00140 0.00477 
U-ONEK 0.00461 0.00179 0.00285 0.00311 0.00338 0.00375 0.00565 0.00975 
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U-PBP 0.00241 0.00185 0.00112 0.00126 0.00144 0.00181 0.00208 0.00869 
U-PRF 0.00084 0.00050 0.00031 0.00035 0.00046 0.00072 0.00104 0.00230 
U-QQQE 0.00204 0.00127 0.00089 0.00097 0.00103 0.00141 0.00242 0.00485 
U-RFG 0.00187 0.00186 0.00056 0.00062 0.00067 0.00076 0.00298 0.00686 
U-RFV 0.00380 0.00385 0.00119 0.00132 0.00159 0.00206 0.00388 0.01629 
U-RPG 0.00196 0.00242 0.00033 0.00036 0.00053 0.00080 0.00208 0.00908 
U-RPV 0.00239 0.00283 0.00035 0.00038 0.00070 0.00126 0.00229 0.01102 
U-RSP 0.00086 0.00056 0.00029 0.00032 0.00044 0.00074 0.00117 0.00251 
U-RZG 0.00430 0.00349 0.00112 0.00166 0.00194 0.00232 0.00499 0.01436 
U-RZV 0.00323 0.00271 0.00110 0.00130 0.00147 0.00228 0.00362 0.01185 
U-SCHA 0.00065 0.00016 0.00041 0.00043 0.00048 0.00065 0.00079 0.00095 
U-SCHB 0.00045 0.00009 0.00033 0.00035 0.00036 0.00043 0.00053 0.00064 
U-SCHG 0.00055 0.00013 0.00035 0.00042 0.00044 0.00052 0.00064 0.00090 
U-SCHM 0.00053 0.00010 0.00035 0.00042 0.00046 0.00050 0.00058 0.00076 
U-SCHV 0.00058 0.00021 0.00037 0.00040 0.00042 0.00045 0.00078 0.00099 
U-SCHX 0.00043 0.00007 0.00034 0.00035 0.00037 0.00043 0.00047 0.00065 
U-SDY 0.00087 0.00076 0.00029 0.00032 0.00035 0.00046 0.00108 0.00292 
U-SIZE 0.00389 0.00068 0.00291 0.00299 0.00342 0.00383 0.00413 0.00568 
U-SLY 0.00371 0.00261 0.00142 0.00153 0.00160 0.00325 0.00416 0.01152 
U-SLYG 0.00361 0.00208 0.00112 0.00157 0.00224 0.00297 0.00413 0.01129 
U-SLYV 0.00351 0.00195 0.00109 0.00129 0.00193 0.00302 0.00456 0.00866 
U-SPHB 0.00092 0.00070 0.00048 0.00052 0.00055 0.00060 0.00100 0.00382 
U-SPLV 0.00062 0.00008 0.00051 0.00053 0.00055 0.00060 0.00069 0.00088 
U-SPY 0.00151 0.00099 0.00028 0.00035 0.00044 0.00133 0.00230 0.00373 
U-SPYG 0.00311 0.00309 0.00073 0.00087 0.00135 0.00186 0.00327 0.01519 
U-SPYV 0.00307 0.00204 0.00104 0.00135 0.00156 0.00239 0.00340 0.00888 
U-THRK 0.00241 0.00112 0.00104 0.00147 0.00179 0.00220 0.00250 0.00637 
U-USMV 0.00051 0.00030 0.00030 0.00031 0.00032 0.00041 0.00053 0.00213 
U-VIG 0.00096 0.00105 0.00028 0.00032 0.00038 0.00050 0.00101 0.00411 
U-VIOG 0.00316 0.00151 0.00134 0.00159 0.00176 0.00245 0.00444 0.00569 
U-VIOO 0.00239 0.00169 0.00086 0.00090 0.00101 0.00168 0.00354 0.00595 
U-VIOV 0.00385 0.00261 0.00121 0.00133 0.00159 0.00230 0.00604 0.00854 
U-VLUE 0.00302 0.00072 0.00153 0.00194 0.00276 0.00299 0.00323 0.00504 
U-VOO 0.00045 0.00009 0.00031 0.00033 0.00036 0.00046 0.00053 0.00061 
U-VOOG 0.00132 0.00063 0.00056 0.00065 0.00072 0.00131 0.00156 0.00257 
U-VOOV 0.00192 0.00123 0.00089 0.00092 0.00098 0.00126 0.00240 0.00439 
U-WMCR 0.00652 0.00446 0.00260 0.00291 0.00342 0.00471 0.00800 0.01954 
Total 0.00190 0.00191 0.00027 0.00043 0.00068 0.00135 0.00230 0.01954 
 
Notes: ETF Ticker is the code that identifies the funds and the indexes in DataStream; SD stands for standard 
deviation, Min for the minimum value and Max for the maximum value; P10, P25, P50 and P75 stand for, 
respectively, percentiles 10, 25, 50 and 75.  
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9.6 Appendix F – Tracking Errors 3, 4 and 5 	
ETF 
Ticker TE3 TE4 TE5 
@ONEQ 0,00234 0,01106 0,966149986 
@PRFZ 0,00352 0,00868 0,976450026 
@QQEW 0,0047 0,01089 0,960510015 
@QQQ 0,0058 0,00826 0,976140022 
@QQXT 0,00942 0,01818 0,879140019 
@VONE 0,00252 0,0128 0,953679979 
@VONG 0,00306 0,01395 0,941510022 
@VONV 0,00358 0,01548 0,92723 
@VTHR 0,00443 0,02706 0,798690021 
@VTWG 0,00388 0,01415 0,941839993 
@VTWO 0,00368 0,01154 0,958389997 
@VTWV 0,00936 0,027690001 0,757369995 
U:DIA 0,00277 0,01021 0,968819976 
U:DSI 0,00772 0,019579999 0,871670008 
U:DVY 0,00169 0,00699 0,984719992 
U:FDM 0,00694 0,02155 0,86540997 
U:IJH 0,00242 0,00911 0,974820018 
U:IJJ 0,00231 0,00851 0,976329982 
U:IJK 0,00308 0,00748 0,981140018 
U:IJR 0,00307 0,0094 0,973919988 
U:IJS 0,0033 0,00883 0,973950028 
U:IJT 0,00456 0,00897 0,973399997 
U:IUSG 0,00657 0,01329 0,940330029 
U:IUSV 0,0035 0,01187 0,952409983 
U:IVE 0,00223 0,0079 0,979960024 
U:IVOG 0,00491 0,01407 0,939520001 
U:IVOO 0,00484 0,01422 0,939819992 
U:IVOV 0,00926 0,027860001 0,748149991 
U:IVV 0,00236 0,0089 0,975000024 
U:IVW 0,00277 0,00871 0,976170003 
U:IWB 0,00276 0,00829 0,978299975 
U:IWD 0,00242 0,00895 0,975099981 
U:IWF 0,00352 0,00987 0,96934998 
U:IWL 0,006 0,02396 0,822109997 
U:IWM 0,00552 0,01034 0,967509985 
U:IWN 0,00288 0,00973 0,971790016 
U:IWO 0,00389 0,01029 0,968309999 
U:IWP 0,00447 0,00862 0,97359997 
U:IWR 0,00433 0,00913 0,967909992 
U:IWS 0,00289 0,00844 0,976209998 
U:IWV 0,00256 0,00749 0,982259989 
U:IWX 0,0046 0,01599 0,928960025 
U:IWY 0,00278 0,01023 0,970749974 
U:IYY 0,00268 0,00923 0,973999977 
U:KLD 0,00265 0,016209999 0,939849973 
U:MDY 0,00379 0,0135 0,948870003 
U:MDYG 0,00663 0,02228 0,856280029 
U:MDYV 0,01086 0,031230001 0,680069983 
U:MTUM 0,00202 0,00783 0,98210001 
U:OEF 0,00371 0,0106 0,96262002 
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U:ONEK 0,0081 0,035409998 0,640559971 
U:PBP 0,00899 0,02761 0,805310011 
U:PRF 0,0017 0,00579 0,98992002 
U:QQQE 0,00522 0,0206 0,855629981 
U:RFG 0,00628 0,01237 0,925209999 
U:RFV 0,00927 0,019370001 0,885689974 
U:RPG 0,00605 0,01269 0,922160029 
U:RPV 0,00673 0,01184 0,947440028 
U:RSP 0,00187 0,00776 0,977299988 
U:RZG 0,00999 0,02314 0,802850008 
U:RZV 0,00768 0,01501 0,930360019 
U:SCHA 0,00103 0,00449 0,994140029 
U:SCHB 0,00068 0,0037 0,996389985 
U:SCHG 0,00095 0,0049 0,993589997 
U:SCHM 0,00099 0,00742 0,977079988 
U:SCHV 0,00112 0,00534 0,992389977 
U:SCHX 0,0007 0,0038 0,996179998 
U:SDY 0,00242 0,00629 0,985599995 
U:SIZE 0,00644 0,04434 0,469529986 
U:SLY 0,01235 0,025 0,836849988 
U:SLYG 0,0102 0,02293 0,867900014 
U:SLYV 0,00734 0,019339999 0,859790027 
U:SPHB 0,00411 0,00584 0,989470005 
U:SPLV 0,00103 0,00794 0,985379994 
U:SPY 0,00307 0,01117 0,96104002 
U:SPYG 0,01024 0,02306 0,861339986 
U:SPYV 0,0073 0,021430001 0,844070017 
U:THRK 0,00578 0,02148 0,862039983 
U:USMV 0,00253 0,00702 0,978479981 
U:VIG 0,00405 0,0101 0,957740009 
U:VIOG 0,00735 0,02417 0,815330029 
U:VIOO 0,00652 0,01743 0,898980021 
U:VIOV 0,00906 0,02534 0,795679986 
U:VLUE 0,00566 0,031289998 0,699620008 
U:VOO 0,00072 0,00447 0,994480014 
U:VOOG 0,00278 0,01221 0,955309987 
U:VOOV 0,00501 0,01737 0,900590003 
U:WMCR 0,01255 0,039480001 0,663230002 				 	
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9.7 Appendix G – Regression results: TE1, TE2, TE3, TE4 and TE5 
in the two different periods (1996-2016 and 1999-2014) 		
 TE 1, 1996 - 2016, OLS TE 1, 1999 - 2014, OLS TE 1, 1999 - 2014, OLS 
ETF MV 0.0000 0.0000 0.0000 
 (0.0000) (0.0000) (0.0000) 
ETF DY 0.0000** 0.0000* 0.0000* 
 (0.0000) (0.0000) (0.0000) 
ETF VO -0.0000 -0.0000 -0.0000 
 (0.0000) (0.0000) (0.0000) 
Risk -0.0019 -0.0022 -0.0021 
 (0.0012) (0.0014) (0.0014) 
Exp 
Ratio 
  -0.0058 
   (0.0090) 
R2 0.00 0.00 0.00 
RMSE 0.00 0.00 0.00 
N 234,125 163,778 163,778 Notes:	 standard-errors	 in	 parenthesis;	 significance	 levels:	 *	 p<0.1;	 **	 p<0.05;	 ***	 p<0.01.	 All	 models	include	a	constant,	which	 is	not	 reported.	The	different	 regressions	were	 implemented	using	ordinary	least	squares	(OLS).	TE’s	are	defined	in	section	6.1.		 		
 TE 2, 1996 - 2016, OLS TE 2, 1999 - 2014, OLS TE 2, 1999 - 2014, OLS 
ETF MV -0.0000*** -0.0000*** -0.0000*** 
 (0.0000) (0.0000) (0.0000) 
ETF DY -0.0000*** 0.0001*** 0.0001*** 
 (0.0000) (0.0000) (0.0000) 
ETF VO 0.0000** 0.0000*** 0.0000*** 
 (0.0000) (0.0000) (0.0000) 
Risk 0.1608*** 0.1535*** 0.1500*** 
 (0.0010) (0.0011) (0.0011) 
Exp 
Ratio 
  0.2307*** 
   (0.0076) 
R2 0.10 0.11 0.12 
RMSE 0.00 0.00 0.00 
N 234,125 163,778 163,778 Notes:	 standard-errors	 in	 parenthesis;	 significance	 levels:	 *	 p<0.1;	 **	 p<0.05;	 ***	 p<0.01.	 All	 models	include	a	constant,	which	 is	not	 reported.	The	different	 regressions	were	 implemented	using	ordinary	least	squares	(OLS).	TE’s	are	defined	in	section	6.1.			 	
	 59	
 TE 3, 1996 - 2016, OLS TE 3, 1999 - 2014, OLS TE 3, 1999 - 2014, OLS 
ETF MV -0.000000*** -0.000000*** -0.000000*** 
 (0.000000) (0.000000) (0.000000) 
ETF DY -0.000137*** -0.000145*** -0.000162*** 
 (0.000005) (0.000005) (0.000005) 
ETF VO 0.000000*** 0.000000*** 0.000000*** 
 (0.000000) (0.000000) (0.000000) 
Risk 0.023162*** 0.023678*** 0.014786*** 
 (0.000647) (0.000697) (0.000667) 
Exp 
Ratio 
  0.580240*** 
   (0.004399) 
R2 0.04 0.06 0.15 
RMSE 0.00 0.00 0.00 
N 234,125 163,778 163,778 Notes:	 standard-errors	 in	 parenthesis;	 significance	 levels:	 *	 p<0.1;	 **	 p<0.05;	 ***	 p<0.01.	 All	 models	include	a	constant,	which	 is	not	 reported.	The	different	 regressions	were	 implemented	using	ordinary	least	squares	(OLS).	TE’s	are	defined	in	section	6.1.		 		
 TE 4, 1996 - 2016, OLS TE 4, 1999 - 2014, OLS TE 4, 1999 - 2014, OLS 
ETF MV -0.0000*** -0.0000*** -0.0000*** 
 (0.0000) (0.0000) (0.0000) 
ETF DY 0.0001*** 0.0001*** 0.0001*** 
 (0.0000) (0.0000) (0.0000) 
ETF VO 0.0000*** 0.0000*** 0.0000*** 
 (0.0000) (0.0000) (0.0000) 
Risk -0.0190*** -0.0081*** -0.0201*** 
 (0.0010) (0.0010) (0.0009) 
Exp 
Ratio 
  0.7628*** 
   (0.0060) 
R2 0.05 0.06 0.14 
RMSE 0.00 0.00 0.00 
N 235,230 164,425 164,425 Notes:	 standard-errors	 in	 parenthesis;	 significance	 levels:	 *	 p<0.1;	 **	 p<0.05;	 ***	 p<0.01.	 All	 models	include	a	constant,	which	 is	not	 reported.	The	different	 regressions	were	 implemented	using	ordinary	least	squares	(OLS).	TE’s	are	defined	in	section	6.1.			 					
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 TE 5, 1996 - 2016, OLS TE 5, 1999 - 2014, OLS TE 5, 1999 - 2014, OLS 
ETF MV 0.0000*** 0.0000*** 0.0000*** 
 (0.0000) (0.0000) (0.0000) 
ETF DY -0.0071*** -0.0060*** -0.0054*** 
 (0.0002) (0.0002) (0.0002) 
ETF VO -0.0000*** -0.0000*** -0.0000*** 
 (0.0000) (0.0000) (0.0000) 
Risk 0.1431*** 0.0637** 0.3961*** 
 (0.0294) (0.0306) (0.0297) 
Exp 
Ratio 
  -21.2344*** 
   (0.1951) 
R2 0.04 0.05 0.11 
RMSE 0.10 0.09 0.09 
N 235,230 164,425 164,425 Notes:	 standard-errors	 in	 parenthesis;	 significance	 levels:	 *	 p<0.1;	 **	 p<0.05;	 ***	 p<0.01.	 All	 models	include	a	constant,	which	 is	not	 reported.	The	different	 regressions	were	 implemented	using	ordinary	least	squares	(OLS).	TE’s	are	defined	in	section	6.1.		
